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There are (too) many interestinfg topics

Rare/Forbidden Decays A Hadronic Decays

Not supposed to see them (semi-) Leptonic Decays i.e. BFs of D(s) decays (often,
according to the SM. Extractions of |V, important inputs in B decays).
Then look for them, just in case! and decay constants. Charm productions in continuum
\- ) V (i.e., Y(3770)—DD line shape).
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Use the quantum-correlated Charm mesons

- usually produced at mass threshold - relevant experiments: CLEO-c/BESIII.
- can extract DD mixing parameters.

- can also help the y/¢ds measurement (i.e., via the GGSZ method).
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There are (too) many interesting topics
)

(Rare/Forbidden Decays
Not supposed to see them
according to the SM.

Then look for them, just in case! y

‘

t 1 will briefly go through some of the recent |
i experimental results in these three topics today |

(semi-) Leptonic Decays
Extractions of |V|,
and decay constants.

V

) AN -

A

4 )
Use the quantum-correlated Charm mesons

- usually produEed at mass threshold - relevant experiments: CLEO-c/BESIII.

- can extract DD mixing parameters.
- can also help the y/¢$3 measurement (i.e., via the GGSZ method).
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Outline

1.Rare/Forbidden searches

- Experimental limits are starting to reach BF~10° and

starting to overlap some non-SM predictions.
- Will go through two recent results on FCNC transitions.

2.Leptonic and semi-leptonic decays.

- Access to CKM matrix elements, V¢q(s).
- Will go through recent results on D° and D* decays.

3.Quantum-Correlated Charm analyses

- Provide access to the mixing parameters.

- can also contribute the y/¢d3 measurement.

- Will go through the recent measurements of
O«n, Yep, as well as the ¢j and s..

—
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Why Rare Charm Decay?

e Charm is unique.
FCNC transitions are highly suppressed in the SM.

— mediated by the lighter down-quark sector.

— more effective GIM suppression here than in B decays.

e That is, the “SM noise” is much lower in Charm!
(non-existent at current experimental limits)
Of course, this does not mean the signature of
new Physics (NP) is larger in Charm, however.

e Observing or even NOT observing rare decays help to
constrain effects from NP. y,

—
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e Expect small short distance contribution:B(D%— p*p’) ~1018, o
e The long distance might be dominated by . "
the two photon intermediate state; .

B(D%— ptu) ~ 2.7x10°xB(D°—yy) (PRD66, 014009 (2002)).
If we take B(D°—yy) < 2.2x10° @90% C.L. (PRD85, 091107
(2012)), then B(D?— p*p’) < ~ 6x10°11,

] Total fit
. D> D~ )t

e LHCb (PLB725, 15 (2013)
— B(D%— pu*p’) < 6.2x10° @ 90% C.L.
— Still some room to reach the prediction

— Some BSM predict BF ~ 1010
(R-parity violation,PRD66, 014009 (2002);
Warped extra dimensions, PRD90, 014035 (2014)) =T 1502000

M- [MeV/c?]

s D* = DY Kmt*)m* o
. D**— DO(— mrptvy) It .
. D D= prp)

Candidates / (10 MeV/c?)
S

e More data at LHCb would be very interesting!
— _/
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~ D% — yy

e Forbidden by the tree level.
e Short distance : BF ~ 10'!! (PRD66, 014009) »°

e Long distance : (VMD, HQxPT) : BF ~ 108
[(PRD66, 014009 (2002)), (PRD64, 074008 (2001))]

e MSSM could enhance the rate up to ~10° (c —u y via gluino exchange)
(PLB500, 304 (2001)).

e BaBar (PRDS5, 091107(R) (2012)):

- Reconstruct through D™ — D(—> yy) ", e P0G
normalized by D" — DO(—} KST[O) et % + . Combinatoric .

. Combinatoric+n’r®
* Combinatoric+n®mn+yy .
[}

...............

— Peaking background from D% — rt°r®.
— B(D®— yy) < 2.2x10°° @ 90% C.L.

0 Cov 0 Ly v by v by 1y oy 0 7
1.7 1.8 1.85 1.9 1.95 2
\__ m(yy) (GeV/c?) J

~

Events / (0.01 GeV/c?)
S
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Hajime Muramatsu U of Minnesota

Experimental status in Charm decays - |
(from HFAG 2014)

\
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q} . .
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Experimental status - llI h

BF(Ac* — X)

LF | L o v
100y |
104 . BaBar E653
10'5é - o ° o
[ ar
1077 * HFAG-charm
Apel 2014
: : : ‘ ‘ ‘ SR QIR NG S P NI S A A AN P I i SN A
RN B —— SN
2&,~8283z8 }° Sofar, nosurprises.

e LHCb upgrade and Belle Il are on the horizon.

i » Should be able to see some of the listed rare
i decays soon
... Or we may see a surprise!?
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Recent results in
leptonic and semi-leptonic decays
of Charm mesons
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~ Leptonic decays Di)" — | + v A

c W G 2
o PR e fpdin

_ D

d %

e With the knowledge of |V,
extract the decay constant, fps) =» compare to the Lattice QCD
=¥ validate the Lattice QCD calculations in fgs).

e Or vice versa: Taking the calculated fp(s),
extract |Vcq(s)| to help to over-constrain the CKM unitarity.

e Also interesting is:
M(D*— t*v) : [(D*— u*v,) : [(D*— e* ve) =2.67 : 1:2.35x107
comes with the minimal uncertainties.
(masses of the meson and the lepton)
But D* — t* v{ has not been seen, yet.
BF<1.2x103 @90% CL: CLEO PRD78,052003 (2008)

Notice: this UL is ~3.14xBF(D* — u* v,). Could BESIII see this?
— _J
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D*— W vy
e BESIII (PRD89, 051104(R) (2014)) : 2.9 fb! at Ecm = 3.773 GeV.

e Measured B(D*— p* v,) =(3.7110.19+0.06)x10*
The most precise measurement to date.

— With | V4| of CKM-fitter input, fp. = (203.2+5.3+£1.8) MeV

— With fo. of LQCD input (PRL100, 062002 (2008))
|Vea| = 0.2210+0.0058+0.0047.

"1E% | BesI
E |t
- |- g:h; g\(;recays
e Statistically limited. - _ I
= * : o295e
More data would be welcome. =& ¢ T
e BESIII plans to take 8 -
~10 fb! in the future! z 1
10" E
-0.2 0 0.2 0.4 0.6

\__ M2, [GeVZc'] -/
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Comparison of B(D* — u* v,) and fp. A

Experiment 203.9+4.7
<0.07% at 90% C.L. MARK-III
Lattice(HPQCD) 208.3 + 3.4
I —] BES-1I _
(0.08*16+0%5) g, Lattice(FNAL+MILC)
-0.05-0.02
_— BES-II PQL
(0.122°"40,010) %
0053 QCD Sum Rules T
i (0.0303+0.0035+0.0009)%  CLEO-c QCD Sum Rules
PRD78,052003 (2008) QCD Sum Rules

@ (0.0371£0.0019+0.0006)%  BESTIT QCD Sum Rules

PRD89(2014) 051104 (R) QCD Sum Rules
QCD Sum Rules

f (0.0382+0.0033) % PDG2013 Field Correlations
| | Light Front (Fixed)
| | | | | | |
T | [
0 0.2 0.4 0.6 150 190 230
B[D* 2 u*v] for (MeV)

Good consistencies are seen among the previous experimental results.

_J
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Comparison of B(Ds* — (p*/t*) vu)

(0.56510.045+0.007)%  CLEO-c (2009)

el (0.531+0.028+0.020)% Belle (2013)

I~ (0.602+0.038+0.034)% BaBar (2010)

ol average

06 08 1 12 14
B[D," Dp*v]

e Good overall consistency in BFs.

-] (6.42+0.81+0.18) %

(5.30+0.47+0.22) %

(5.5210.5740.21) %

CLEO-c(t"—>7*v) (2009)

CLEO-c (T'—e'vv) (2009)

CLEO-c (T*—p*v) (2009)

FH  (5.00£0.35+0.49)% BaBar (T*(e/W) V) (2010)
M (570:021329% Belle(t*(e/u/m)v) (2013)
H average

| ‘ [ | L1l | L1l | L1 | L 11| | 111

5 10 15 20 25 30

B[D," D1V]

e Similar results in the Charmed strange meson.
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Comparison of fps

19

. 257.610.6 CLEO-c(D!—p'v) Experiment 256.9 + 4.4

—— 247.9+8.2 Belle(D'—u'v)

) Lattice(HPQCD) 246.0 + 3.6
 —— 264.618.7 BaBar (D'>li'v)

=

Lattice(FNAL+MILC)
278.0+18.0 CLEO-c (T'—>T*v)

e Reasonable consistencies.

e BESIII plans to have a dedicated Ds data taking in the near future.
N—

PQL
. 252.6412.5 CLEO-c(T'—e*vv) QCD Sum Rules F——
QCD Sum Rules .
= 257.7414.3 CLEO-c(Tt—p'v)
QCD Sum Rules <7
F———A 24534148 BaBar (T (e/)v) QCD Sum Rules
— 261.9+88 Belle(T" (e/1/T)v) QCD Sum Rules T
QCD Sum Rules A
I__I average (D:—)p/fv)
L T Field Correlations HEH
Light Front =
250 300 350 ]
[ N T T I N R
fp [MeV] 200 240 280

\

_J
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Semi-Leptonic decays Dis)" = P + | + v

e Essentially measure |Vcqs)| % | f(g?)].

e Input| V)| = extract |f(q?)| = compared to the LQCD.
Validating the FF calculations of LQCD here is important
i.e., the measurement of |Vu| via B—mtlv has a large
dependence on the “theoretical input (its FF)” from LQCD.

e Or vice versa:
Input |f(g?)| from LQCD = extract |Vcs(q)|
=> constrain the CKM unitarity.
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D — K/m et ve

BESII

L L N N BN BN N B ] e B e e B e I
= # BESIII Preliminary g 4 BESIIl Preliminary 3
woo |-  {a) + JI' D% — K-etr, 400 E_ {b) '+* D% — 7et, _E

N T4 . 300 |- 1* 3‘ _
F + *N,, =70727+278 1 | :
wool [ Nig S R S : } Ny =6279£87 -

- Pl . u R ]
1000 |— ; "... - 100 [— ¢ % ba -

T s 0 e0E ol oit oz Tois -o._z 015 0.1 -on5_m_rr'76.t;5 01 015 02  0.24
U .- (G&Y) - _ U_.__ (GeV)
Umiss — Limiss = |Pmiss u

e BESIII: 2.9 fb* at Ecy = 3.773 GeV.
® Uniss ~ 0 if the missing particle is a neutrino.

e The resultant BFs are consistent with the previous
measurements (see the next slide).
Most precise to date.
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Comparison of B(D° — (K/mt) e* ve) A

| = |
L (K ev) /T (1989) Fimetv) /T, .0
(3.4+0.5£0.4) % MARK-I1T| = (0.27920.027+0.016) % BELLE (2006)
|
e {(3.8240.40+0.27)% BES-I1 (2004) H (0.288:+0.008:+:0.003) % CLEO-c (2009)
|
3.45+0.10+0.19) %
= (45:0.10:0.19)% BELLE  (2006) (0.2950::0.0041+0.0026) %
! BESIII Preliminary
H (3.5020.030.04) % CLEO-c (2009)
| (0.2770£0.0068+0.0099)%  (2014)
@ (3.505+0.014+0.033)%  BESIII Babar Preliminary
Preliminary
I (K e*v) /T (R )" (R 1+)
I | (3.53t0.2740.43:0.05)% Ee91 (1989) [ (wetv) /T (K etw)x ™ (Ketv)

| b——o  (0.359+0.071£0.011+0.005)% E687 (1996)
——]  (3.49+0.2310.23+0.05)% cLEo (1991) |

Lol GS0H0.10:0.174009% cugoz (1993) | |0.366:0.138+0.046+0.005)% CLEO-Il (1995)
- (3.60£0.031£0.0510.05)% BaBar (20|07) e (0.29150,021£0.018H0.004)%  CLEO-III |(2005)
I« (3.55£0.05) % PDG13 " (0.28940.008) % POG13
Cl b o b b I A A B B
3 4 5 6 7 04 06 08 1
B[D’ 2K e*v] B[D? 2 metv]
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Comparison of form factors

e Points: BESIII

e Curves: Fermilab Lattice, MILC, and HPQCD (PRL94, 011601 (2005))
Fermilab Lattice and MILC (PRD80, 034026 (2009))
Based on the BK model (PLB478, 417 (2000))

e Consistent with each other.

e Would be nice to have an even larger sample to probe the higher g? bins.

b 1 5 | |m=—=LQCDecalculation | 4 S o e [QCD calculation
' [ ]LQCD stat. error || ]1QCD stat, exror
D LQCD syst. error | LQCD sys. error
1 —=— Data 2 ot % Data
1 L.
] (a) D' = K~ety,
0 . 5 [ I I I I
0 0.5 1 1.5 2 0 1 2 3
\ o (GeV/ch o? (GeV2ch W,
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Quantum Coherence
in ete” annihilation
near Charm mass threshold
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The decay rate of a correlated state

— 0
At Ecn™ M(Y(3770)), a pair of D°DOis produced via D
ete >y (— Y(3770)) — DDO. ’
This obeys the following selection rules on the ¢ o — e
produced pair of D mesons. O
» The two produced neutral mesons must have opposite CP D°

(i.e., see Goldhaber and Rosner, PRD15, 1254 (1977).
For instance,

» D% — CP+ final states (such as K*K’) AND
D° — CP+ final states (such as ‘i) does NOT happen.
And (CP-, CP-) combo does not happen either.
=> can be used to suppress backgrounds.

» D? — CP+ final states (such as K*K’) AND
D% — CP- final states (such as Ksrt°) are maximally enhanced (doubled).
That is, the measured BF.s(D° — Ksmt®) is twice as BF(D° — Ksit®) with no

such coherence effect on the parent D.
— _/
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The decay rates in mixed CP final states

D% — CP+ final states (such as K*K’) AND

DO — generically (not look at its decay experimentally).
This decay rate (e.g., D° — K*K’) is not affected.

D° — Flavored final states (CF+DCSD, such as K'n*) AND
D? — CP# final states.

The rates are still affected due to the interference
between CF and DCS.

- extract 8¢, where (K't*ID%)/<K-mt*ID®) = -r-e-5,

For multi-body (such Ksnt*rt), one can obtain the §,
averaged over each bin of a Dalitz distribution.

26

\
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The decay rates in semi-leptonic decays

» On the other hand, for the case of semi-leptonic decay, such as

D% — Ke*v (only the CF mode!) AND
DY — CP# final states, there is no interference.

Its decay rate does not depend on the CP content of its parent D.
Yet, the total width of its parent D depends on CP.
For instance,

N(D° — K-e*v;D? — CP1)/N(D° — CP+) = Bes#(D° — K'e*v)
= B(D? — Ke*v)xl/lcp+
~ B(D? — Ke*v)x(1ty) (neglecting terms with y? or higher).

=> can extract the y via semi-leptonic tags.
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The latest measurement of &k from BESIII

» In D° — Knt decays, its CF and DCSD interfere.
The ratio of the two amplitudes is (K't*ID% /(K 1t*ID°) = -r-e®,

» Neglecting higher orders in the mixing parameters (e.g., y?),
one can arrive at the following relation:
Acpkr = r-cosdkr + [D-mixing correction (y and Rws)]
where Acpkn = CP-tagged rate asymmetry
= [B(D,—Kt*) - B(D:—Kt*)]/B(D,—Knt*) + B(D1—K'mt*)].

» B(D1,—Km) can be measured el i
by tagging one D (tag side) 29 & Tesne .
with exclusive CP-eigenstates - [Be—— &
which then defines Eigenusios ) ] 7/ Depy > N1 )
\the eigenvalue of the other D. | Y
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~ D — CP states A

(no requirement on how the other D decays)

. L et e n — R — [ KO0 0
G 15000F  K'K 1 G eooof T'm 1S s000k Ksm'm ;
> [ > F > L
[} (0] - (0]
= 10000F {1 = 4o00f 1 = -
CP+| = | > S 2000t )
£ 5000F {1 £ 2000} 1 £ e
() 3 (0] - o I
> 3 > I - > L
L 0 ol - _ L O' ) ) ) L 0 ) ) )
1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88
Mgo(GeV/c?) Mgo(GeV/c?) Myo(GeV/c?)
: r ----------------'
G 1900 non 1 Gioo00f P™ - :- '
T % 10000) '- PLB734, 227 (2014) !
2 1000F 12
CP = I = - ] ]
Ll S > < 5000f 1 I 5 5 !
£ 500F T 1 2 i .Y — \/ — D I
5 1 5 v Mpe Lyin=Dp
L 3 L I . ) . 1
Myo(GeV/c?)
2000:_ T T T E 8000— T T T _
S 10000, % Ken % Ko
£ 10000} 2 1500k 1 2 eo00f :
[) i [) . ) -
CP-| = = 1000} § Z 4000t ]
3 5000] 5 : 5 ;
= t  500f { & 2000" .
> > - > SN
L o' L ot " . b L G' , . T —
1.84 1.86 1.88 1.84 1.86 1.88 1.84 1.86 1.88
_ Mgo(GeV/c?) Myo(GeV/c?) Mgo(GeV/c?) J
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D1, — Kmit, D21 — CP states

---ﬁ
I
m
X
Q
3
=
(v}
=
=
—h
o
q
~+
=2
(v}
O
Q
73
o}
o
ey
~
b
~

wn
=
<

- PLB734, 227 (2014)

1.84 1.86 1.88
Mg (Kn)(GeV/c?)

- Measured Acp-kr = (12.7711.31(stat.)*%-33 ¢ 31(syst.)) %.

- With external inputs from HFAG2013 and PDG (for y and Rws)
cosOkn = 1.03+0.12(stat.)+0.04(syst.)+0.01(external).

- This result is consistent with and more precise than the recent
CLEO-c result (PRD86, 112001 (2012)):

cosdyn = 1.15%0-19 5 15(stat.)009 g og(syst.).
— _/
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Could also determine the mixing parameter, ycp

- ycr is defined as; D) = p|D%) + q|§0>

2-yce = (la/pl+|p/al)-y-cosd -(|a/pl|-1p/al)-x-sind,

where p and q are mixing parameters, and ¢ = arg(q/p) is
the weak phase difference of the mixing amplitudes.
Notice: for no CPV case, p=q=1/Vv2and ycp =y.

- From the fact that
semileptonic BF of D12, B(Dcp+—1),
gets modified by a factor of 1tycp,
and neglecting terms with y? (or higher), one can arrive at
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Events / ( 0.005 )
Events / ( 0.005 )

Extracting ycp in BESIII data

- Fit to U for Kev
- Similar for Kpv

....................................

....................................

Mode

KtK—, ntn—, Kgﬁrowo
0.0 70 0
Kom®, Kgw, Kgn
KFetv, KFu*v

g g g KS"I; Kev
‘5‘: E g a0 |
:% '-% i 20 |
01  -0.05 0 0.05 0.1
U, s (GeV)
Type
CP+
CP-—
BESIII preliminary result; Semileptonic

yep = [-1.611.3(stat.)£0.6(syst.)]%.
Most precise result based on QC Charm mesons.
\_Having a larger sample would be a help.
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~ D
Comparison with other measurements

[ HFAG-c« |
E791 1999 i - s 0.732 = 2.890 « 1.030 %
3420:139:0740% - Our result is consistent with the
| , world average (HFAG2013; this
CLEO 2002 H o H -1.200 + 2.500 = 1.400 % . . . .
| | preliminary result is not included
BESIII (pre.) ~H——H 16 £13£0.6 % in the average).
Belle 2009 H 0.110:0610:0520% - Also consistent with the latest
result from CLEO-c (PRD86,
LHCb 2012 oy 0.550 = 0.630 + 0.410 %
112001 (2012));
Belle 2012 H 1.110 = 0.220 = 0.110 % ver = (4.212.0£1.0)%.
0.720 = 0.180 = 0.124 % (not listed in the figure).
World average H 0.866 = 0.155 %
l Illllllllllllllll l l I IIIIIII | III_lJ
4 -3 -2-1 01 2 3 4 5
Yep (%)
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E'm also contribute to the measurement of V/(I)\3

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

- The latest comes from the LHCb (arXiv:1408.2748)
via the GGSZ method in D°—Ksmit " and KsK*K-".

- Measured y = (62+15_14)°
(along with rg = 0.080%%-91% 3 5,1 and &g = (134*1%.15)°).
A single most precise measurement of y to date.

- They needed inputs, c¢i and s;:
cosine and sine of the strong-phase difference between the DO
and D° decay, averaged in each Dalitz bin, i.

- Took the CLEO-c (statistically limited) results
(PRDS2, 112006, (2010)).

- BESIII has recently repeated this CLEO-c analysis based on their

data which is ~3.5x larger than that of CLEO.
— _/
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Relations between
¢ si and yields in Dalitz bins

- One could derive the following relations between
efficiency-corrected yields in the ith Dalitz bins and c¢; (s;)
(see backups more details and PRD82, 112006 (2010)).

- For the case of D — CP states AND D — Ksit'mu :
Yields in ith bin o< %¢;

/

- For the case of D — Ksit'it AND D— Ksrt*r:
Yields in it" and j*" bins of the two Dalitz plots
X cicj + SiS|

- One could also gain statistical power by employing K rt*rt.

—

35

- Simultaneously fit to these “Yields in each bin” to extract ¢; and s;.

_J
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~ p
For the case of “CP tag vs Ksrt'rt™”

___________ . BESII

Y Projection: K°

9
°
] N CP Tag modes
?1(]0:7
il ° | CP+ KtYK—, ntn—, Kgn¥w®, Kn°
"r 0 —. 0 '
»m-_ © | cp- [ Ksm, Kgn(— vy), Ksn(— ara—n), Ksw, Kgn
° C
L °
° L
. 40 + ++ R X
20 Jr °
[ ) +* + R [
° oLt R i IR B °
o MZ(KST[+) 0.5 1 1.5 2 2.5M2 (Ksn.?. .
°
° °
| XProjection? K+ T Mass? ° .
°
o B . :
] §an:— §an °© [ ]
r L °
° L 60— °
o O [ ° :
° m:_ 40— °© °
° L °
e - 20 ’
o I : °
° I ¥R S S '_3 % "012”":.'4-”6.‘5”&?'1 FRE TR 'mé.‘a ‘_2‘
© © 06060606 060 0 0 0 0'Ce'eo 0o 06 060606060 0 0 0 0 0 ¥

*  Datais using the full 2.9 fo't ¢ (3770) dataset
*  Results presented here will be using Optimal Binning scheme.
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[ @
Prelimina ry resu It  Model prediction:
Si ‘@ BESII| :
s gL " ¥ CLEO-c ;

L’Nf 4 f UN:
P4 = q #n\ :

ui— J :# Eﬁ UE— :H nﬁ ]

|
; -
£ % £

15 FEETI RTETI ETETE FETR FEUTI FRTTI RETTI FUETI FEAT -15
0 1 2 3 4 5 [} T [ 0 1 2 3 4 ] [ T a .
Bin Bin

- Only statistical uncertainties are shown in the optimal binning scheme
(which dominate in most of the bins).

- Consistent results with the previous CLEO-c measurement,
but statistically superior.

- What this result could do to the y/¢s is,
if we take the Belle’s Dalitz result (PRD85, 112014 (2012)),
vy (in degrees) = 77.3*1>1 1,9 (stat.) £ 4.2 (syst.)@-;4_y.3 (ci/s) > *2.5 (C,-/S,-))
We expect the uncertainly would be reduced by ~40%

Very important inputs for the future analyses by LHCb and Belle Il, where

ihe statistical sensitivity starts to reach ~1~2 degrees. W,
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/
Summary

- Searches for rare/forbidden Charm decays are finally
becoming interesting (exciting) with LHCb upgrade and
Belle Il on the horizon.

- Leptonic and semi-leptonic decays in Charm provide
access to |V«| and complementary to the B Physics.
Having even larger Charm samples at BESIIl improves the
current results further.

- Quantum-correlated D°D? in e*e” annihilations near
threshold:

- provides an unique way to measure the Charm mixing
parameters.

- also can provide precise measurements on ¢; and s;.
—

\
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é D°D° mixing

- Observation of DD mixing, first seen by the 2F
B factories (HFAG: arXiv 1207.1158) and now observed! 5|
by LHCb: PRL110, 101802 (2013). S B ]
- DD mixing is conventionally described - o.si— ¥ N
by two parameters: of —io AN
X = 2(M1-M2)/(T1412), y = ([1-T2)/(T1412), b 7o SO
where M;,; and I';; are the masses and widths of Y .Y T A —Y Y2
the neutral D meson mass eigenstates. X% [%]
(Flavor eigenstates, D°/5°, are not the same as mass eigenstates, D1/D5)
Or X’ = X-€0SOkn + Y*SiNOkr, Y’ = Y:€OSOkr - X*SiNOkr.

- Okn is the strong phase difference between the doubly Cabibbo suppressed
(DCS) decay, D° — K're* and the Cabibbo favored (CF) decay,
D° — K-it* or (K'Tt* 1D /(K-T*ID%) = -r-e8.
So one can connect (x,y) with (x’,y’) via dkr.

- For this part of my talk, | present preliminary results on &k~ and y using the
quantum correlation between the produced D° and D° pair in data taken at

BESIII. This will then improve the determination of the mixing params, (x,y). y
—
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- : : . N
Reconstructing events with a neutrino

e Reconstruct the all decay particles, except the neutrino.

e At CLEO-c and BESIII, where they take the data close to the mass
threshold (i.e., e*e" — ({(3770)) — DD),
one can reconstruct one of the D mesons fully (tag side),
while the other D is reconstructed, except the neutrino (signal side).
The existence of neutrino can be inferred by
a missing variable such as;

.....................................................................................
.

....................................................................................

L J
S
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- _ N
Measuring B(Dcp+—K'1t*)

e Double-Tag technique:
B(Dcp+—Kmt) = [B(Dcp=— CP* states)xB(Dcp:+—Kmnt)]/B(Dcp=— CP™ states).
So they need to measure;

—Yields (BF) when one D decays a CP final state
while the other D decays generically

—Yields (BF) when one D decays a CP final state
while the other D decays into K.

..................................................................

e CP states they employ (8 modes): icpy KTK- ntr, K00 7070 j070:
. CP— K97, K9, K% :

where we reconstruct Ks—mt*rt, n°/n—yy, w—r'nen®, p— .

¢ Notice that most of systematics on the tag side get canceled in
B(Dcp-l_-_’KT[).
The remaining systematics (reconstruction/simulation) of Kit are also
canceled in the determination of Acp x.

\—_ _J
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\

C Fkrwod 19 Fkkpr 1
JKonOm . :
S | s = 15 by
O 4 i ) '['
= 12 10 ﬂlﬁ hl
o v = SRR
S : 1S T
preligin reliminary
> 0 > 0—7er —T& 1868
D AT : ; 5T
Mg (GeV/c?)
NA b L] :Q‘A L v ¥ 1
§ 6ol Ka 70, Kg n° ] §100: KS 0, p
) lo |
= 40 1= ¢
o\ 1oy 50
=
preligh@¥ary preliminary
Ty - , 10 L
i 1.84 186 188 T 1.84 186 1.88
Mg (GeV/c?) Mg (GeV/c?)
CP+ CP-
Mode Yield(tag KK) efficiency(%) || Yield(tag Kan") efficiency(%)
CP+ | K0x%z 84 3(x) 11.80 +0.11 171 + 14 7.20 4 0.09
CP+ | pn” 13 + 8(*) 24.44 + 0.16 299 + 19 15.87 + 0.16
Cp- |Kiw 158 + 13 11.02+0.11 7+ 3(%) 6.77 £ 0.08

1 % Consistent with zero.
|

' % Consider as one of the
. systematics.

_J
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Vields of Kuv in double tags (an,cp;)

(reconstruct CP-final states from one D decay,
with “Kuv” from the other D)

KT[T[O . - Knn® shapes and sizes
. are fixed based on ’

é K*K", Kpv § Kst'rt, Kuv i control samples of
ST < > . actual data.
£ 100 £ £ 50 ;
g g g | . = The control samples
ot N LT  are obtained by the
0-0.1 -0.05 0 0.05 0.1 01  -0.05 0 0.05 0.1 0-0.1 same CP states and ;
Uniss (GeV) Uniss (GeV) Uniss (GeV) ¢ Knin®, while ignoring the
; . A . . i two photons fromn®
§ Ksrt®, Kpv |/} 3 Ksw, Kuv d | | decays to calculate
< [ ; 100 - ; ] U ;
‘2 100 ; ;C-; E ‘0:-; ] i misss
g ! b 50 il | i See the next slide for
ol o N ot ., i detail.
01  -0.05 0 0.05 0.1 01 005 0 005 01  -01 005 0 005 01 ~TTTITTTmmmmmmmemmemmtmeeeopeess
Upniss (GeV)
F ----------------------------------------------- I
: - Signal shape: MC shape, convoluted - Background: A 1% order polynomial. |
1 with an asymmetric Gaussian. Knn® (dominant). .
\ I = = = 3 & B B BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN BN B W 1 J




Hajime Muramatsu U of Minnesota PIC 2014 SEP/2014 45

~ . ; N
Fixing the Kntt® shape
- Obtain Ecxira = Sum of the all un-used energies

deposited in EM calorimeter.

- Eextra tends to be larger if it is Kntrt® due to the ignored extra photons
from 1t ® decay and is small if it is Kuv.

- We actually do require Eextra<0.2 GeV to select Kuv signal candidates.

Fix shape
: = Fit to Uniss in Eextra>0.5 GeV where Kuv
- peak is suppressed. :
- = The fitted shape = MC shape,

. convoluted with a Gaussian.

........................................................... FiXSize...........

(Knem® yields in data in Eextra<0.2 GeV) = Rx(Knr® yields in data in Eextra>0.5 GeV),
iihere R = (Kt yields in iN Eextra<0.2 GeV)/(Kntrt® yields in in Eextra>0.5 GeV). -
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E'm also contribute to the measurement of V/(I)\3

- Extract the y through the measurement of the interference between
b - cand b = u when both D° and D° decay to the same final state,
f(D).

ABi o AD +I'p E'(SB ) AE (where rgis |(B—DK- )| /|(B—D°K-)|. &g is the strong phase difference).

B-— DOK- B-— DOK- . DU /l_)O K'\
b B_ 8 B- f(D)K-
B {) S \ /
k Color Su =
ppressed K DO K-
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fan also contribute to the measurement of V/(I)\3

- This is one of the popular binning scheme,
“Optimal binning”, where bins
are adjusted to maximize the sensitivity
to v/¢ds3 (CLEO: PRD82, 112006 (2010)).

- BESIII has recently repeated this analysis
based on their data which is
~3.5x larger than that of CLEO.

o - N w B (¢} [¢)] ~ ©
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| Babar 2008 Equal Distance Bins |

Result of splitting the
Dalitz phase space into 8
equally spaced phase
bins based on the BaBar
2008 Model.

—

[Babar 2008 Optimal Bins |

3_

0.5 1 1.5 2 25

Starting with the equally
spaced bins, bins are
adjusted to optimize the
sensitivity toy. A
secondary adjustment
smooths binned areas
smaller than detector
resolution.

3

ci and sjin D? — Ks, rt*rt Dalitz analysis

(=] == [2€] [¥] -h- (3] [=;] ] [==]
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| Babar 2008 Modified Optimal Bins |
3

Similar to the “optimal
binning” except the
expected background is
taken into account before
optimizing for y sensitivity.

Source: CLEO Collaboration, Physical Review
D, vol 82., pp. 112006 - 112035

\

[=) Y (%] [ = )] =] ] [=-]

_/
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For the CP tag modes, one can show that the total bin yields are related to c; by

S
ME = f(l(i + 2¢;\/K;K_; + K_;)
f

M;*(M;") yields in each bin of Dalitz plot for CP even(odd) modes.
S, (5_) number of single tags for CP even(odd) modes.

S¢ number of single tags for flavor modes.

K;(K_;), yields in each bin of Dalitz plot in flavor modes.

Single Tag modes

Type Tag List
Pseudo-Flavored K—nt, K—ata?, K—gtota—
ST KYK—, nta, Kgn%7®, Kpn®
S~ Kgm% Ksn(— vy), Ksn(— ntn 7, Ksw, Ksn/
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- N

Using D° K t*rr vs DO->K gt we can calculate both ¢; and s;:

_ Npp
W 2s?

M

<KiK_j + K_;K; — ZJKiK—jK—in(CiCj + SiSj)>

M; ; yields in bin i of first Dalitz plot
and bin j of second Dalitz plot.
Sy number of single tags for flavor modes.
Np,p total number of D°D° events.
K;(K_;), yields in each bin of Dalitz plot
in flavor modes.




