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o At Y(4S)

» Flavor tagged D° through D**—D%* decay. Flavor mistag ~ 0.2%

> We denote the D* flavor tag with label IX

" General considerations

» DO can be reconstructed in flavor IX, CP, Kn and multibody (e.g. Ksnr) final

states. Relatively high purity due to m(D%) and Am=m(D"")-m(D?)

> Proper time resolution is about ©(D%)/4 = 0.1 ps

e At y(3770)

» Coherent D°D? production
» Both D mesons can be reconstructed
in IX, CP, Krt and Ksnr final states,
with very low background
» Flavor mistag = 0.2% with eX,
but = 2% with uX (large p misid @ low p)
» Time-dependent measurements

require larger CM boost compared to the Y(4S) case to achieve time resolution, but

Double tags @ ‘¥ (3770)
Modes with D* tag (@ Y (4S)
CP- |Kn [|IX |Ksnr
CP+ |X X XX | X
CP- X XX | X
Kn X XX | X
IX XX | XX
Ksnw X

reconstruction efficiency decreases with large CM boost. Need to determine the

optimal boost value.

/




double tags

" Time dependences

e We have derived the time-dependence for all combination of

CP- |[Kn |IX |Ksan
CP+ | X X XX [ X
CP- X XX | X
Kn X XX | X
X XX | XX
Ksnm X

» Complete expressions

» Simplified expressions with CPT invariance, CP conserved in decay, and
second order in X, y
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Example: flavor tag

At y(3770): Identical time-dependence wrt Y'(4S) when using flavor tag !

dl' [Vonys(t1.to) = fifo]/dt

SN,
(|at]?* + |a—]?) cosh(yT At) + (Jat|* — Ja—|?) cos(2T At)
—2Re((a’a_)sinh(ylI'At) + 2Zm(a’ a_) sin(zT"'At)

— 1 - 1 z = CPT violation parameter
“ = Afl Af2 Af ! Af 27 q9,p= indirect CP violation parameters ]
o (957 7 p n n
a_=—v1—1z (BAflAfz - aAflAfz) +Z (AflAf2 + AflAfz)

At Y'(4S) using D™ tagged events:

dU [ Mgy () — f}/dt

—Fth
(145 + |(a/p) Af[?) cosh(yT't) + (|As* — |(¢/p) Af]?) cos(aT't)
+2Re((q/p)AGAy) sinh(yI't) — 2Zm((q/p) A5 Ay) sin(2T't)

L




Example: double Kr and IX tags

Double K¥r* decays
2 [ 4 2

1 .2 2
Roga( K7+, K=m%: At) = |Ag—ns|* g 1+ IE] R —2Rp % cos[2(dxx — )] | = ;ry (TAt)?
q|* p|* p|’ | 22+
Roaa( K*n~  K*n~; At) = |Akcin|* - 1+ . R} —2Rp p cos[2(dkx + )] 5 (TAt)?
Double semileptonic decays
2 2 2
"+
Roaa(1* X, 1" X5 A1) = | Ax-[* | == (T A’
2 2 2
il
Roga(I- X+, 1= X+: At) = | Ay |* |2 Y (rAn)?
p
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Example: Krt vs CP tag

K¥n* decays with CP tag

Roga(Sy, K~ +; At) = | Ag, Agc—ns {2(1 +20v/Rp cos Sz + Rp )

[( cos ¢ + v/ Rp cos(dgr — @ (g + §)+Rgﬁcm¢)y
al _|p q| . |
( 1 |—|sing + \/ Rpsin(dg, — (— — |- ) + Rp |- smgﬁ):t: (TAt)
q p q P i
1 ( pz q
E 1+ + 21/ Bp (cos g r + cos(dgr — 20)) + Bp | 1 + |-
\ q P
2\
((] )—FET}'\,H Rp (cosdgr — cos(dgr — 20)) + Rp (1— %
/
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Example: Kstrt vs CP tag

Rodd(Sy, KSh™h=; At) = | Ag, | {2 (JAf[? + |Af|* — 2nRe(A}Af))

|(;

(cos a’)RB(A}f_lf) — Siﬂﬁﬁzm(ﬂ}ﬂf) - WCDS¢|Af|2)) +

+|2
p

(cos gRe(A% ) — sin gTm(A% Af) — ncos 6| A7) >y
—(IEI (—cos (;SIm(A}ﬂf) — sin ‘Zf’RE(A}ﬁf + 77sin ¢|Af|2)) +
q
+|2
p
1 p|’ q
— A2 1+ |5 A2 142
+2[(| f|(+q )+|f|(+p

_ (|1£1_,r|2 (1 — ) + |Af? (1 — |; ) — 4nsin ¢ (sin gRe(A}Af) + cosqSIm(A}ﬁf))) :172] (F&t]z}

© y

(cos @Tm(A}Ay) + sin gRe(A7Ay) — nsin ¢| Ag|?) )x] (TAt)

2
) ~ ncosd (cos pRe(A7Ay) —sin gTm(4747)) |

P

q
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Example: double Ksn tag

Roaga(K2h*h— KOhth—; At) =
2 |:|_/Z11A2|2 -+ I_A.lzﬁ_i?‘g — QRB(ﬁngAlﬁg)]

2

(cos pRe(A1AT) + sin pIm (A, A7) — RE(—AIAD))

— A2 (‘E
aq

-I—|ﬁ2|2 (|§| (cos que(JleA;] — sin éim(ﬁlﬂt))) ]y

(cos @Re(A2A3) + sin ¢5Im(142—;1;)))

L

(cos dIm(A; A}) — sin gRe( A AY) — Im(Alﬁ;‘)))

r(?
A2 (|§| (cos STm( A, AY) + sin¢Re(AlA;))) ]:}:}(Fﬂt)

(cos ¢Im(A;A3) — sin GﬁRe{A?ﬁ;)))

1 — _ _ _
+§{ [lA]Aglz —+ |A1A2|2 — QRE(AIA;.A.]AQ)] (yz — I2)
2 2
+ [ |§| | A1 As|? + l%l | A} Ay|? — 2 (cos(2¢)Re(ATAS A Ay) — sin(2¢)Im (AT A3 A Ay)) ] (2% + %)

}(F&t)Z

L
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FastSim studies: At reconstruction

e The flight lengths of the two Ds are reconstructed through a combined beam
spot constrained vertex fit

e Proper times are computed from the flight lengths and the D momenta

D reco vertex

beam spot (z-x plane, not in scale) -

e BT v ——

D reco vertex

L y
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FastSim studies: g, vs CM boost

R .
D’ - Kn* D — K'n* geometric efficiency vs boost
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" FastSim studies: At resolution

~

[_4tresolution | e [_Atresolution ] his10_dtreso3
Mean . > Entries 12083
E RMS 0.6578 900— Mean
450 — ¥2 I ndf Q: n
400 2 — O 3 O :? 049324 0.0329 800 E— — 9 % 1 ndf ﬁ
E y - Y. p2 0.002246 + 0.007970 - y - O . O 470+ 4.3
350 - 0 uueg.gg :1501 uc:':: ;? 700 0.8311+ 0.0164
F T 0.918 % 0.032 s 0.0002704 + 0.0024009
300— 600|— 0.1987 = 0.0033
- - -0.02076 = 0.01354
250 500 0.5203 + 0.0234
200 400f-
150 300 ) )
j g Res. fijc. is gnbiased
100 200
50F- 100f—
o_lll 1 | | | | | N I | | | I | | I | 1111 | 111 1 | 1 h_- o: l L h | I | |
-2 1.5 A -0.5 0 0.5 1 1.5 2 - 1.5 -1 -0.5 0 0.5 1 1.5 2
A terror (ps) | his10_dterr3 At error (ps) his10_dterr3
— Entries 15554 - Entries 12083
1800 Mean 0.7445 4500 Mean 0.2168
- — RMS  0.6536 g _ RMS  0.1454
1600} By=0.30 40001 By=0.90
1400 3500
1200 3000
1000 2500 %
800f- | <error> = 0.745 ps 2000 <error> = 0.217 ps
600 1500+
a0 1000
200 :— 500 ;
- T R A T B 0:III o Lo Losaa s b o e b b e b a g
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FastSim studies: At resolution vs CM boost

average At error vs boost
1.6

average error (ps)
— —
- N B

I | T | T | 1

S
()
T

D lifetime

=]
Y
T

o
(%]
T

=
T

@ From Elba meeting /




4 S TR - -
ensitivity studies: overview
e For y(3770) modes
» Extrapolate CLEOc yields (includes cross-sections and selection efficiencies)
» Correct by SuperB geometrical efficiency vs CM boost
> Evaluate tripe Gaussian (TG) resolution function from FastSim vs CM boost
e For Y(4S) modes, extrapolate BaBar yields
» TG proper time resolution of ~0.15 ps (0.1 ps core)
» Toy MC generator and fitter developed
» For now focus on 2-body decays

S Double tags (@ ‘¥ (3770)
o :
trategy: Modes with D* tag (@ Y (4S)
> Generate O(100) experiments for each double tag used in this study
» Perform combined UML fit of given ensemble of cr— ke 11X
2-body double tags, fitting simultaneously for the
. CP+ | X X XX
mixing and CPV parameters: X, y, arg(q/p), |9/p|
CP- X XX
» Generated values are current HFAG averages
» Assumed CP conservation in decay Km X XX
» D—Kn strong phase kept fixed IX XX




/Sensitivity studies: expected # of events |

LB y(3770) IB y(3770) HB y(3770)
Selected T(4S) U (3770) W (3770) ¥ (3770)
decays 75ab™! | 0.5ab7!, By =0.238 | 0.5ab"t, By =0.56 | 0.5ab"!, By = 0.91
I*XT, CP+ 19600000 | 69395 525800 1844 2
I=XF, CP— 30900000 5053 612430
*XF, K*nF 222900000 4181494 3862011
(790000) (13708) (12744) (10137)
FXF, Kortn 86600000 828850 689557
FXF IFXE 85300000 | 1067615 986045
(50) (47)
K¥n*, K*n* N/A | 1067815 ogeo4s. . B3
(N/A) (47)
CP+, K= N/A 285053
CP—, K¥r* N/A . dide gern . s
C'P+, CP— N/A i
CP+, Kortn™ N/A 113691 91553 66770
CP—, Kntn~ N/A 115525 93030 67847
Kon+n—, Kortm™ N/A 200342 217578 142875
~ Favored # of events
Suppressed # of events
@ Y (49) W (3770)




Sensitivity studies: Toy MC @ \If(3770)\

Arg(q/p) AMS = 0.244 = 0.011
§ : Mean = -0.1794 = 0.016
§ wp Fit result Entries = 229
e = gen =-0.179
s B [ “}‘
§ omf ‘]L
15 i— +
°% ' 0z o n."z_;'_l_;_: 0.4
A (q/p) arg(g/p) Mixing CP violation phase (PHYS)
r
% 60 — = 0 RMS = 0.990 + 0.046
S = _ htresult-gen M;ap: 00757 0,085
% 50— Pull error fit result ++ e
o + th
10 E_ ’_{_'_i_:_;_(

©

argqOverp_pull

LB ¥(3770),
perfect resolution,
no mistag

300 experiments
generated

x10 less events (CPU
memory limitation)

24% converge with error
matrix not definite
positive

Understood due to the
smallness of x,y while
also fitting for Arg(q/p)
and |q/p|. With mixing 10
times larger all fits return
correct error matrix

/
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5 Sensitivity studies: Toy MC @ \If(3770)\

LB ¥(3770),
perfect resolution,
no mistag

300 experiments
generated

x10 less events (CPU
memory limitation)

24% converge with error
matrix not definite
positive

Understood due to the
smallness of x,y while
also fitting for Arg(q/p)
and |q/p|. With mixing 10
times larger all fits return
correct error matrix

/




Sensitivity studies: Toy MC @ Y(4S)

Arg(q/p) RMS = 0.1703+ 0.0083
5 __ Mean = -0.1671+ 0.012
g “t Fitresult Enwies = 212
;__; 20 ;_ gen =-0.179
‘g 15— + +
1 f_ [ J +
-+ HWLTL J%
] ] F;
9"‘ 02 o sg(q.'pa Mixing CP Siolation phase {PI-I‘I’B}
Arg(q/p) AMS = 0.864 + 0.042
?:,;. EE_ Pull = fit result - gen + Emren s 2z
8 error fit result +
o it +
of it +
: +

©

Y(4S) , perfect
resolution, no
mistag

300 experiments
generated

%200 less events (CPU
memory limitation)

29% converge with error
matrix not definite
positive

Understood due to the
smallness of x,y while
also fitting for Arg(q/p)
and |q/p|. With mixing 10
times larger all fits return
correct error matrix

/




i Sensitivity studies: Toy MC @ Y(4S) h

X
g wf - ear = 000802000015 o Y(4S), perfect
B - Fit result gen = 0.00628 Entries = 212 .
g »o resolution, no
g"? "= T++ mistag
i E + ++
sE- \[ L + + e 300 experiments
njj—i"l"i";—}_:{_ L ++| generated
o002 0004 0.008 X Hb:nﬁ?pmrreler {PI-I\%}M
e %200 less events (CPU
X PP ———— memory limitation)
=] i_ Mean = 0.070+ 0.069 o .
S a5 fit result - gen Entries = 212 * 29% converge with error
3 a0 — PUH = . .
¥ E error fit result matrix not definite
s positive
25= + + e Understood due to the
20" smallness of x,y while
16 — .
WE- %—4_ also fitting for Arg(q/p)
sE- + F{I{F e i and |q/p|. With mixing 10
IS SR HL; NN IETITEL 38 15 T I8 TSI Y times larger all fits return

correct error matrix

o y




K Sensitivity studies: summary of results -

Data Time resolution Mistag | o(x) oly) o(o) (|q/p|)
[ iggcy: Iefbeey 0 g | 0.00076 0.00044 0.077 .03
LB ¥(3770) large mixing Perfect 0 0.00059 0.00043 0.007
LB ¥(3770) no CPV Perfect 0 0.00081 0.00027 0
LB ¥(3770) HB TG (0.25/0.20 ps) 0 0.00098 0.00046 0.077
LB ¥(3770) IB TG (0.40/0.28 ps) 0 0.00100 0.00051 0.078
LB ¥(3770) LB TG (0.66/0.39 ps) 0 0.00104 0.00054 0.103
LB ¥(3770) VLB TG (1.27/0.76 ps) 0 0.00107 0.00067 0.149
HB ¥(3770) HB TG (0.25/0.20 ps) 0 0.00118 0.00056 0.093 :
IB W(3770) 1B TG (0.40/0.28 ps) 0.00108 0.00054 0.084 0
LB W(3770) Perfect 0.00210 0.00062 0.119
T{45]) Perfect 0.00021 0.00007 0.012
T(4S) large mixing Perfect 0.00010 0.00008 0.001
T(4S5) no CPV Perfect 0.00012 0.00004 0
T(45) TG (0.17/0.10 ps) 0 0.00017 0.00008 0.014
T(4S5) Perfect 2% \| 0.00030 0.00011 0.019
Parameter Sensitivity @ Y (4S) with time Best sensitivity (@ y(3770) with time
resolution, no mistag. 75 ab™! resolution (fy=0.56), no mistag. 0.5 ab™!
x 0.017% 0.11%
y 0.008% 0.05% Relative effect of tlavor mistag
o 0.8 deg = similar at W(3770) and Y (4S)
@ 1q/p]| 0.5% 3.7% /




/ o ) v LB Y(3770) \
Sensitivity: ¢=arg(a/p) wwm

- ) S \ LB W(3770) Perfect res., mistag 0%

. LBW(3770) Perfect res., mistag 2%

0,16 4 Y (4S)
@ \ Y (4S) Perfect res., mistag 0%
. Y (4S) Perfect res., mistag 2%
0,14 Minimum LB (By=0,3) IB (By=0,56), HB (By=0,91)
for # of events
1 UGS RO RO —
@ Efficiency corrected
- © o
B
0,06
0,04
17072 PSSO SO
4
0 L
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

By (proper time resolution)




0,1
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Sensitivity: |g/p|

v LB W(3770)

+ |B W(3770)

= HB Y(3770)

“ LB W(3770) Perfect res., mistag 0%
= LB W(3770) Perfect res., mistag 2%

......................................................................................... <Y(4S)

“ Y(4S) Perfect res., mistag 0%
. Y(4S) Perfect res., mistag 2%

LB (By=0,3) IB (By=0,56), HB (By=0,91)
for # of events

~ Minimum

l Efficiency corrected

0,03
0,02
0,01
—¢
0
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9

By (proper time resolution)




/ L. ; v LB Y(3770) \
Sensitivity: X o e

N LB W(3770) Perfect res., mistag 0%
. LB W(3770) Perfect res., mistag 2%

< Y(45)
N\ Y(4S) Perfect res., mistag 0%
. Y (4S) Perfect res., mistag 2%

0,0025 LB (By=0,3) IB (By=0,56), HB (By=0,91)

for # of events

0,002
0,0015 Efficiency corrected
oot | O ® * ;
0,0005
|
0
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

@ By (proper time resoclution)




/ o ) v LB Y(3770) \
Sensitivity: y i)

- - \ LB W(3770) Perfect res., mistag 0%

. LB W(3770) Perfect res., mistag 2%

< Y (4S)
0,0008 N\ Y (4S) Perfect res., mistag 0%
. Y(4S) Perfect res., mistag 2%

LB (By=0,3) IB (By=0,56), HB (By=0,91)
0,0007 @ for # of events

0,0006

- ¥
| AN

=  0,0004
5 Efficiency corrected
0,0003
0,0002
0,000] [ e
0
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

By (proper time resolution)




/
Summary h

* Flavor tag at DO-D? threshold provides identical time-dependence than at Y'(4S)

using D* tagging, and less events, although in a different environment
e DO DO threshold is unique to provide CP, K7 and Ks7T tags
® Variation of At resolution and geometrical acceptance vs CM boost evaluated

* Estimated the impact on physics with 2-body decays
» Combined fit to all 2-body double-tags allows determination of x, y, Arg(q/p), |q/p|
> Best sensitivity at ‘¥ (3770) for intermediate boost, By = 0.56

Parameter Sensitivity @ Y (4S) with time Best sensitivity @ y(3770) with time

resolution, no mistag. 75 ab™! resolution (By=0.56), no mistag. 0.5 ab™!
X 0.017% 0.11%
v 0.008% 0.05% Relative effect of flavor mistag
S i g similar at ¥ (3770) and Y (4S)
19/p| 0.5% 3.7%

> Sensitivity at ¥ (3770) with 2-body decays 5 times worse than at Y(4S)
> Mistag has to be understood very well. At ¥ (3770) critical good separation between

@ pions and muons at low momentum
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Next steps

® Sensitivity studies on mixing and CPV parameters for 3-body
decays with a time-dependent Dalitz plot analysis:
» Dalitz plot model independent approach is to be pursued at SuperB.
For this, it is crucial to have access to ¥ (3770) data.
¢ (Consider two different scenarios:

» Time-dependent measurements at ‘¥ (3770);
» Time-dependent measurements at Y (4S) with model

independent coefficients (c;, s;) obtained with time-integrated

Psi(3770) data.
® Setting up simulation technology for 3-body Toy MC studies.

o
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Time-dependent Dalitz plot analyses

e Self-conjugate modes allow to extract mixing and CP violation
parameters without D°-DP relative phase ambiguity when assuming CP is
conserved in the decay.

A(D® — Kg(p1)m (p2)7+(p3))
— A(D" — Ks(py)7* (p2)7 (ps))

» In SM we expect CPV in the DY decay due to CPV in Ks mixing at the
level of 3x1073.

» Is the above assumption still valid for the precision that we aim at SuperB?

» Dalitz model uncertainty can be reduced using Psi(3770) data. Is 1t
possible to perform a TDDP analysis in a model independent way for
extracting mixing and CPV parameters? Can we relax the assumption of
CP conservation in decays?

» Yes, it is possible a Dalitz plot model independent approach. In this case
no assumptions for CP conservation in the decay are necessary.

o




Model independent approach at Y'(4S)

A. Bondar, A. Poluektov, “The Use of quantum-correlated D decays for phi3 measure-
ment,” Eur. Phys. J. C55, 51-56 (2008). [arXiv:0801.0840 |[hep-ex]].

A. Bondar, A. Poluektov, V. Vorobiev, “Charm mixing in the model-independent anal-
ysis of correlated D°D° decays,” Phys. Rev. D82, 034033 (2010). [arXiv:1004.2350

[hop-ph]. | -
Ay = Ay Ay = Ayl
o 1 _ _ _
c,, s, from'¥(3770) time /‘Af‘gdp o /‘Af‘gdp _7
integrated data. JRAAGADIP LAl costGy — 5P _

* No assumption of CP v Tf & Vil
) . fITT?(A}Af)dP f ‘AfHAf‘ 5111( f— Of)(”:) .
conservation in decay. JIT, VT, = Si

?E};th = { (Ti - ;|2Tg) cosh(T'yt) + ( - \ *T; | cos(Txt)

\._____/

cos ¢ — s;V T;T;

sin o) sinh(['yt)
}D

sin ¢ + s;\/ T;T;

TR TR

COS o) sin(Fxt)]
p

o
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* No assumption of CP

conservation in decay.

* c,s from'¥(3770) data.

Model independent approach at y(3770)

//|a+|2 = Tusz—I-TuTQj—Q le'TuszTz
1Jj

[ -

2 2
‘E‘ 11Ty + '2' TuTs; —
q P

2 TliTliT2jT2j (COS 2(,?5 (Ch'ng - 31552;’)

i(c1iCo; + 81:825)

—8in2¢ (€1;59; + 51iC25))

/]Re(afjra,_) = (g Ty; +‘q [ )\/T Thi(cos ¢ ¢1; +sing s1;) —
iJj
(E g ) T5;T5;(cos ¢ cy; + sing so5)
q p
[[Im-(a;a_) = (g T5; —|—‘§T )\/T ;Ty;(cos @ s1; —sin ¢ ¢y;) —
iJj
(ET] gT1) T2T2 (cos @ sy; —sin cy;);
q p

dl' [Vohys(t1, t2) — fifa]/dt _

(|,l+|2+

L

e AN 1,
|[1_|2) cosh(y['At) + (|u:1+|2 —
—2Re((a’a_)smh(yl'At) + 2Im(a’ a_) sin(x'At)

a_ |2) cos(x["At)




