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Y @ SuperB Flavor Factory? Super

(« Al measurements of observables sensitive to v at current %ZFagtories are statistically\
limited (~500M BB pairs x 2) y=(6775)
— As of ICHEP’08 (CKMFitter Group, WA):
. — Although not all the statistics yet analyzed by BaBar/Belle )

K A measurement of y @ 1° level combined with a determination of |V | @ 2%, is crucim
for a precise model-independent determination of the CKM matrix

- |V, | @2% level is a benchmark goal for the SSF Physics Case (can only be done at
an e*e- machine), and significant amount of work has been done

— So far, y considered less critical for Physics Case and little work has been done
— LHCDb (10 fb-1) will certainly make a significant step forward in precision (2-3°?)
k Goal at SuperB Is to reach 1° or better precision... /
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Assumptions and strategy Supers
/ SuperB has an initial peak luminosity of 1036cm-2s-1 on the Y (4S) \

— Can integrate 15 ab! in a Snowmass Year of 107 s

— Data taking starts ~2015 + 5 years of operation = 75 ab-1 on the Y(4S) by ~2020
e SuperB can operate at different energies

— Ly scaleswiths = L ~10% cm2st @ y’’'(3770)

— 5% of running time @ y’’(3770) = 3 moths over 5 years

 Beamenergies 7 GeV e on 4 GeV e?
& SuperB will be able to work with 80% polarized electron beam (not relevant for y) /

(e Extrapolate current BaBar analyses on charged B—D®K®) decays, assuming the )

same detector performance (conservative), and combine ~correctly

« Make considerations on how to improve systematic uncertainties and/or reduce model
dependence (running at DD threshold and model independent approach) )
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iri, Grossman, Soffer, Zupan, f.
+ (*) (*)+ 1 SRD(ZS, 0540188(11'3](93)Z " Su E?B
—> alitz meuno p
Poluetkov et al., PRD 70, 072003 (2004) ) - 4

 Neutral D reconstructed in 3-body self-conjugate final state (K., KKK, o)
« Extract y from fit to Dalitz-plot distribution of D° daughters

L2, m?) o Ay, [ +12 | Ay [ +22{x, Re[Ay, A T4y, Im[ Ay, A5 ]}

m. = m(Ksh?) X, = KTy C0S(J5 £ 7)
AD? = DU/DU_:'th_I_h_ decay amp“tUdES y+ i KrB Sin(5B i 7/)
A = +1 for B»DOK, DO[DCxO|K, DOK* :

1 for B=DOD%K

A accounts for different parity of D*0—D% wrt D0 O<x<1 accounts for natural width of K*

Cartesian
CP parameters

Constraints on (x,y) plane

e 2-fold y ambiguity: (8g,y)—(Sg+m,y+T) ol

. As interference depends on Dalitz position requires 02 B__B
of high-statistics cc sample with flavor-tagged D° o
decays from D**—D0x* :

_DL%_J.l:.l.lli||IIill.'.].'..'.ll'.llilllji|J.|.
4 -03 -02 01 -0 01 02 03 04
X,
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e 10 BW resonances (isobar) for P (dominant) and D waves
o K-matrix for nwr and Krt (LASS) S-waves

CAK'n

DCS K'nt

mit P- and
D-waves

T S-wave
(K-matrix)

Km S-wave
(LASS, K-matrix)

D'—Kn*m BaBar Model

— K-matrix deals with broad, overlapping, multi-channel scalar resonances

Component {r ¢r (deg)  Fraction (%)
K- (892)-  1.740 £ 0.010 [30.0£0.3 557 £2.8
K (1430) 824+ 0.7 153+ 8 102+15
K3(1430)"  1.410+0.022 138.4 + 1.0 2.2+ 16
K*(1680)" 146 +0.10 —174+4 0.7+ 1.9
K- (892)7 0168 +0.003  —427=1.2 046+023
K (143007 0.32 £ 0.06 143+ 11 < 0.05
K3 (143007 0001 +0.016 85 £ 11 <012
p(T70)" 1 0 200+ 1.6
w(T82) 0.0527 £ 0.0007  126.5+0.9 0.9+ 1.0
f2(1270) 0.606 + 0.026 157.4+£2.2 0.6+ 0.7
51 0.3+04 —TRT =16
3 10.89 + 0.26 ~150.1 +£ 2.6
3 942+ 2.0 168 + 4
s 9.16 £+ 0.24 90.5 + 2.6

prod 7.94 £ 0.26 73.9+ 1.1

 prod 2.0+0.3 180

 prod 51403 33+ 3

 prod 3.23+0.18 48425
gbrod —0.07 £0.03
T S-wave 11.9+ 2.6
M (GeV/ch) 1.463 = 0.002
T (GaV/c?) 0.233 = 0.005
F 0.80 = 0.09
bF 2.33 £ 0.13
R
PR ~5.31 £0.04
a 1.07 £0.11
r ~1.8+0.3
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D' KK*K- BaBar Model

 Isobar model, dominated by S-wave K.a,(980), with significant

contribution from Kga,(1450), and P-wave K¢ ¢(1020)

Component a, ¢ (deg) Fraction (%)
Kzao(980)" 1 0 55.8
K2¢(1020) 0.227+0.005  —56.2+1.0 44.9
K2 fo(1370) 0.04 + 0.06 — 2480 0.1
K2f2(1270)  0.261 £ 0.020 —9+6 0.3
K3ao(1450)"  0.65 % 0.09 — 95+ 10 12.6
K~ ap(980)F 0562 £0.015 179+3 16.0
K~ag(1450)T  0.84 +0.04 97 + 4 21.8
KTao(980) 0.118 £0.015 138 +£7 0.7
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% % o .~ 2 PRD78, 034023 (2008)
B*—>D"K®* BaBar Dalitz results  §

Parameters BT — ﬁOV\ BT — }j*D}’_/\ B~ — DK:i=
r_ ., xt, Te_ 0.090 4 0.043 .015 +0.01 —0.111 £+ 0.069 .014 £ 0.004 0.115 £ 0.138 .039 + 0.014

Y—, Yo, Ys— 0.053 £ 0.056 f£ 0.007 £ 0.015 —0.051 £ 0.080 £ 0.009 £ 0.010
Ty, TR, Tay —0.067 &£ 0.043 ¢ 0.014 £ 0.011 0.137 £ 0.068 ¥ 0.014 £ 0.005

0.226 £ 0.142 £ 0.058 £ 0.011
—0.113 £ 0.107 & 0.028 £ 0.018

Y+ . Yy s Yst —0.015 £ 0.055 X0.006 + 0.008 0.080 £+ 0.102 A0.010 £ 0.012 0.125 £ 0.139 X0.051 £+ 0.010
B ~——stat, +syst.(exp. )+syst(Da[TZTnUdrT)
7 a) B-D'K > b BLDWK > |

3 CPV 2.20 | % CPV 250

Distance between (B"B")

- u: - | r 0
points is 2rg|sin 2y| | B+“ B | B “

| Mg f B—DIK*
. 05 : 0.3 : = CPV 1.50
See V. Tisserand talk 2y |

05 0 05 0.5 0 05 0.5 0 0.5
X, X",

® r.,r,,r
From measured CP parameters: (xz, y£), (x*£, y*+),(x%, y.2) - . 88 65 sg
B’ © Br YsB

perform frequentist interpretation removing unphysical AR A e A L

regions (rg,#rp. ...). Assume Gaussian PDF for all (x,y) o wEEETE - °Y
[y [m()d ﬂ'} = (76t%i ) © {505} O] d. ().6;:; ] extract 1D
FEOT T5ySt. exp, SYSLAGET I e CL intervals
rB(DK)_. (8 6+ 3. 5)% {1 0, 1. 1}% 0_2i
(D)= (13.5+5.1)% {1.1,0.5}%

KI'B(DK*) {16 3+8 r’)% {3 7 2 1}% -150 -100 -5()Y(Ct’)eg)sn 100 150 ;




B*—>D®K®* BaBar Dalitz systematic errors

Experimental systematic error

Source

xr

&

X v Xy Vi v Xy vy L .
mgg, AE, F shapes 0001 0001 0001 0002 0002 0004 0004 0005 0003 0002 0000 0004
Real D" fractions 0001 0001 0000 0001 0001 0001 0004 0000 0002 0004 0001 0001
Charge-flavor correlation 0002 0002 0000 0001 0002 0002 0002 0000 00001 0002 00010 0001
Efficiency in the Dalitz plot 0002 0002 0002 0002 00001 0000 0001 0000 0002 0003 0000 0005
Background Dalitz plot shape aal2 bbgr aolz 0003 000 0o07 0007 o007 onld bobe pall 0bos
B~ — D™K~ cross feed AL " " e 0003 0002 0007 0001 " e " e
CP violation in pw and BB bkg 0001 0000 0001 0000 0005 0000 0001 0004 0006 0002 0003 0001
Non-K* B~ — DK¥%~ decays e co = ER e hae e D035 0058 0025 0085
Total experimental 0015 0007 0014 0006 0014 0009 0014 0010 0039 0058 0028 0051

Estimated irreducible experimental systematic error: 0.003
Dalitz model systematic error

Source X V- X 4 Vi ¥t Ve XY Vi Xe—  Va— X+ Vet
Mass and width of Breit-Wigner’s 0001 0001 0001 0002 0000 0002 0000 0003 0003 0001 0002 0002
o S-wave K-matrix solutions 0003 0012 0003 0000 0003 0007 0002 0009 0000 00001 0013 0003
K S§-wave parametrization 0001 0000 0002 0004 0000 0003 00001 0003 0005 0000 0004 0002
Angular dependence 0001 0001 0000 0001 0000 0001 0002 00001 0003 00001 0003 0001
Blatt-Weisskopt radius 0001 0001 0000 0001 00010 0001 00001 0001 0002 00001 0000 0003
Add/remove resonances 0001 00010 0000 0001 00010 0002 0000 0002 0001 0001 00001 0002
Dalitz plot efficiency Gobe O00d 0008 000L 0002 0064 6002 0003 0008 0001 0008 0004
Background Dalitz plot shape 0003 0002 0004 0001 0000 0001 00010 0001 0004 0000 0004 0002
Normalization and binning 0001 0001 0000 0002 0000 0000 0001 0002 0002 00001 0003 0001
Mistag rate G008 0006 0006 DODs 0DO2 0001 0002 DOO3 0ODODE OO0 D004 0007
Dalitz plot complex amplitudes 0002 0002 0003 0004 0001 0001 0002 0006 0003 0003 0004 0002
Total Dalitz model 0011 0015 0011 0008 0.004 0010 0.005 0012 0014 0011 0018 0010

v

Estimated irreducible Dalitz model systematic error: 0.006
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Gronau, Wyler, PLB 265, 172 (1991)

% * 77\
B+_)D( )K( )+ GLW methOd Gronau, London, PLB 253, 483 (1991) S{IET,B

» Neutral D reconstructed in CP-eigenstate final state (CP-even: K*K-,n*n- and CP-odd:
K m?, Kw, Ks0) and Cabibbo-favored Kr final state

o Use measured B*yields to determine GLW observables

_ ['(B" > Dep K7)+T(B" = Dep K™)

Reps B —— —o0
[[(B~ — D°K )+T(B" — D K*)]/2

. 2 4 observables
=1+ 2r|3 COS Y Cos 58 + rB (3 independent),

3 unknowns:
I'B, 8B, /

Acp Rep, =—Acp Rep_

A, = ['(B” = D K7)-T'(B" = Dp, K™)  £2r5sinog siny
P+

E re — DCPiK_) +F(B+ — DCPiK+) - RCPi
.. : : Constraints on (x,y) plane
e Extract x+ for combination with Dalitz method -
. RCP+ (11 ACPJF) _ RCP_ (11 Abp_) :Z;_ B
- 4 g

2= x4 y? = Deeet Repo =2

) 2 of

 8-fold y ambiguity .,3

pava ol | sl s | P
04 -03 -02 -00 -0 01 02 03 04
X,
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383x10°BB SuperB
) -
B:t_>DK* PRD77, 111102(R) (2008) | arXiv:0807.2408 hep/ex | PRELIMINARY

B*>DOK®* BaBar GLW results

b
=]

z % B*—DK* B*—D*K* B*—>DOK**
2 02720 09:0.04
S ; Acp+ (_0-27+0.09£0.04 | >0.11:0.090.01 |  0.09+0.13%0.05

Acp- -0.09+0.09+0.02 0.06+0.10+0.02 | -0.23+0.21+0.07

: 1| Rept | 1.060.10£0.05 | 1.31#0.130.04 | 2.17+0.35£0.09
wp B BoD'K 4 R~ | 1.03£0.10£0.05| 1.10£0.12+0.04 | 1.03+0.27+0.13

X, | -0.09£0.05:0.02 | -0.09£0.07+0.02 | 0.18+0.14+0.05
£ x 0.10£0.05:£0.03 | -0.02+0.06+0.02 | 0.380.14%0.05

0 C 1 1 1 1 1 1
-0.15 01 005 0 0.05 0.1 0.15 02

_ AF GV rg? 0.05+0.07+0.03 | 0.22+0.09+0.03 -

B: DK+ X, competitive with Dalitz

Source "I:ILRE'F-I- .jLR{'p_ .jh“l CP+ .jhﬂ CP—
Fixed fit parameters 0,036 0019 0010 0002
Peaking background 0.029 0037 0031 0003
Detector chirge asvi 2 e . 22 (22
Opp. CP bkg. in KSw o 0.002 fo 0.007
Repe vs Ro/R 0,026 0025
K/ efficiency 0.002 0007 ce _
Total 0.053 0049 0039 0023

Estimated irreducible experimental systematic error on Rqp,, Agp,: 0.01
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Atwood, Dunietz, Soni,
B*—>DOK®" ADS method iz, o
e Neutral D reconstructed in K- (K*n-nt® and K*m*rt- not used here) DCS decays
» Use measured B* yields to determine ADS observables
_T(B" > D[K*z ]K")+I'(B* —» D[K 7*]K*)
A T(B-—> D[K 71K )+ (B* - D[K*z 1K)
_T'(B- > DIK'7z ]K")-I'(B" - D[K 7" ]K") 211y sinysin(d, +Jp)
A T(B > D[K*'z K )+ (B* - D[K 7' ]K*) R,

= 2I,I, COS y COS(Jy + Oy ) + 12 + 12

i i Constraints on (x,y) plane
» Not enough information (2 observables, 5 unknows) ST (5 VP

— Ip, Op external inputs
* I, =0.0603+0.0025, assumed all irreducible o2 - -
o COS 8D = COS 600 i 035 i 007’ 0_1__........ «
assume 0.035 irreducible
— Still unsolvable = constraints on ry

B S T T T M —

(X, + 15 COSSp)° + (Y. — Iy SiNSp)* = Raps (L Asps) 03

-0_4_|||| |.J|.Ji.JII]IIJIilIIl.||.|l.|||
04 -03 -02 -01 -0 01 02 03 04

* Raps: Aaps Poorly measured so far

— Evaluate B* yields using yields of normalization channel (CA) from current
BaBar analyses + assumptions on values of physics parameters

Experimentally
Estimated irreducible experimental systematic error on R,pg, Axps: 0.01  similar to GLW
analysis
CKM 2008, 9-13 September, 2008 F. Martinez-Vidal , Prospects for y at SFF 11
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B*—>DOK®* Dalitz+t GLW+ADS projections

rg=rg =rg=0.1,y=70° 06g=110°, 85" = 65 = —65°

B—D%K, D*K, D°K*

JH A JUNLELES BB B LR B  H o g ] B [T RARRE T RALRRN
0.4 Sl B—D%K > B—D"K -1 '
@ 0.5 _"| I
= 1 Qo8- -
027351 fb! _
ol B ‘
0- s 0- s
0.4} ]
-0.5 02 -
0.4 L
o B | N b e e
0.4 -0.2 0 0.2 0.4 0.5 0 0.5 -150 -100 -50 0O 50 100 150
Xy X", Y (deg)
,:-I T A = =T , H J ] =3 NN L B B L B
oo : i &
“ Super i . BIb |
), 05 ! .} 2-fold ambiguity '
1 o8 . E
02~ 75 ab . disappears
. ﬁ 0 (it does already
o . : 0 ol + [ with 10 ab't)
0.4+ n
0.2+ - 2
-0.5 0.2 m
04 Errors x 5 Errors x5 |
I | | | | | 1 TR R N T VI [ .,..,..,...,.,...,I..l,.l.,....
R 05 0 05 0-150"160 50 0 50 100 130
X, X", Y (deg)
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B*—>DOK®* Dalitz+t GLW+ADS projections

g=rg =rs=0.1,y=70° 9z=110°, d5" = &5 = —65°

'\
SuperB
| -

p—, _I T | T TTT | TTTI | T T | T TT | ITTTT | ITTTT | T TTT | TTTI | T I_
(®)) - &
% Qm ®  Dalitz+GLW+ADS -
S '_-3 A Dalitz4+GLW E
P 7? @ Dalitz B
g 6 Z_ ---------- Dalitz model error _:
e - 5
o - ]
o =
L - Current BaBar Dalitz model uncertainty
4F e
L ol T . =

2‘_ @ & I 0.35x102 | 19 17 15

- = o e 1 80 |75 6.9

l:— E 15 2, 2.8 2.4

:I L 11 | L 111 | | | | | | | | | | | | | .| | | | | L 11 |: 30 29 26 21

(5 10 20 30 40 50 60 70 80 90 100 45 2.8 2.5 19

. . -1 60 2.8 2.5 1.8

Luminosity (ab™) - YU EYEER T

100 2.8 2.4 1.6

CKM 2008, 9-13 September, 2008

F. Martinez-Vidal , Prospects for y at SFF

13



Reducing Dalitz model dependence/systematics S’"n\_@i

» Dalitz model systematic uncertainty seems to be under control up to ~3° level
» Further reduction seems difficult and/or impossible

— Phenomenological Dalitz models with quasi-two body (Q2B) approach is an
approximation to the 3-body dynamics

— Some arbitrarity in the evaluation of the Q2D model systematic uncertainty
* Need model independent or quasi model independent method to:

— Assess level of understanding of phenomenological model, or

— Perform a (quasi) model independent analysis of y
 Initially proposed by Gili et al. airietal, PRD 68, 054018 (2003) |

and further investigated by Bondar and Poluektov.  gondar and Poluekiov,
Eur. Phys. J. C 47, 347 (2006)
arXiv:0801.0840 [hep-ex]

« Other approaches, like a full PWA of ultra high statistics D° tagged samples not yet
investigated

CKM 2008, 9-13 September, 2008 F. Martinez-Vidal , Prospects for y at SFF 14
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Model Independent Approach Supers

« Dalitz-plot distribution of D° daughters (rewritten)

LL(m?,m?) o] Ay, [ +72 | Ay, I +2NI A ||AD_|<x@+y@

5D+ 5D T +
Ao, =| Ay [€7 = Ap(mZ, m]) € (mz m A8 Phase
difference between

symmetric Dalitz
plot points

« Bin the Dalitz plot

m? (GeV Tch)

¢ - I €0S(Sp. — 8y, )dmZdm? =c_,

+I

5y < [ Sin(8p, — 8, )dmZdm? = —s_

D,

i—>—i=m’—>m’

0 05 1 15 2 25 3
m? (Gaviich

« If we have “optimal” binning and s;, c; are known in some way, we can obtain (X,y) by
counting the number of B* events in each bin of the D Dalitz plot

— This equires y’’(3770)—DD correlated data

CKM 2008, 9-13 September, 2008 F. Martinez-Vidal , Prospects for y at SFF 15



Model Independent Approach (con’t) @

 Number of events for Bondar and Poluektov,
\\ arXiv:0801.0840 [hep-ex]
— B*—DK* data @ Y(4S):

(N; Yoo K + 12K + 2K K (xc +ys,)
— CP tagged D°—K i @ y’’(3770):

(M,)oc K, + K, £2,/K/K G| & for stands for CPs >- Ci S,
— Doubly tagged D°—K. i @ y’*(3770) oY
(My)oe KK+ KK =2, [KK KK (¢ +5;5))

— Flavor tagged D° @ Y(4S): |K

« Optimization of binning Square bins = Adp bins

ol M P IR B UL UL I 3

(2nd order model dependence) % 3t 3
w25F : )

2f _ i
15;_ _ 1.5;— s
1 :
ﬂ.ﬁ;— — 0.55— 1

m? {Geviich
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Model Independent Approach: projections  SwerB
« For ~1000 CP and K nirt tagged K mm events (corresponding to 750 pb-! from CLEO-c)

B-stat. err. (| Do p-stat. err. [I{Evr*'?r"ja—ata,t-, err. Bondar and Poluektov,

arXiv:0801.0840 [hep-ex]

Binning (] Tz Ty Tz Ty :
N = 8 {uniform) ||0.57[0.033|0.060 |[0.005] 0,010 (0015 0.032
N =8 (Adp) 0.79(0.027(0.037 ||0.004| 0,007 |J0.005 (.010
N = 8 {optimal) ||0.89(0.023|0.032|(0.006] 0011 [||0.008 0.011

A
A
A
N =19 (uniform) |[0.69( 0,027 |0.055 |[0.004| 0.011 - -
A
A

&y T

N =20 (Adp) 082 (00027 | 0035|0005 0007 - -
N = 20 (optimal) |[0.96 | 0.022 [0.029|(0.008| 0.011 - -
Unbinned - [|0.021 0,028 - - - -

- 0,,0,~0.01 = o, ~ 3° both consistent with current BaBar Dalitz model uncertainty
— Mostly reducible, up to an experimental irreducible contribution
« SuperB running at y’’(3770)—DD correlated data for 3 moths  Required for other purposes
(DD mixing and CPV)
— Scale DD data with factor 10% peak luminosity @ Y (4S) x 5% running time
= 375 fbl DD correlated data (x500 CLEO-c, x25 BES-111 statistics)
- 0,,0,~0.0005, well below assumed 0.003 irreducible experimental systematics

» ~1 week of running would be enough, but largest statistics will reduce to
negligible level binning systematic uncertainty

— In our exercise, assume “Dalitz model uncertainty” scaling with luminosity

CKM 2008, 9-13 September, 2008 F. Martinez-Vidal , Prospects for y at SFF 17
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B*—>D®OK®" Dalitz+GLW+ADS projections  Suers
,:" S FT T S B I . H e T '*'I ||l|||.||||||’|||||.’|||J||||

0.4 S,.\B B—D%K a7 B—D"K f iF ey ]
- Super & I SuperB
02 75 ab? . 308 -
0- . . 5 0_ . ‘ 0‘6~
: 04" -
02 ] L
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04 Errors x 5 - Errors x 5 '
[ Iq T |IFJ| | PR [ S MY SR TR (S | P | .Jr.“-,.....,...,-.l,.‘,....
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=" . Val i;' | - ] S | = IR LR IR NRARRN RN RN
0.4 1

_ I 7\

Sﬁlﬁihl Uﬁ Josk Superp -
02~ \am/ o ) -

0 ® o o o * | 08 ]

{)‘J._

0.2r E
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04 Errors x 5 Errors x5 i

PR I S T ' [ I { = PR [ N MY (R T | P |
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Error onvy (deg)
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B*—>DOK®* Dalitz+ GLW+ADS projections S

g=rg =rs=0.1,y=70° 9z=110°, d5" = &5 = —65°

TTTT TTTT | TTTT | TTTT | TTTT | TTTT | TTTT TTTT TTTT TTT 1] Dalitz Model
8 @ Dalitz+GLW+ADS —: irrreducible+
A Dalitz+GLW _
| Dalitz ] GLW+ADS
7 """"" Dalitz model error | AL
s k Dalitz+GLW-+ADS red. Dalitz model error 7
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Conclusion Superf
» Measurement of y at the B Factories was unexpected
— Ig ratios confirmed to be ~0.1 (and >0) = reliable predictions
— dy~20° now, largely dominated by B*—D®K®* Dalitz
— Oy~10° after final analyses and combinations of current B Factories
o SSF can reach oy~1°and below with:
— Combination of charged modes: B*—D®K®*, Self-tagging neutral modes, e.g.
BO—D®™K™0, may help
— Combination of methods: Dalitz, GLW, ADS
— Use of correlated data (CP tagged K i, K{KK and doubly tagged K, K{KK)
o SFF is a unique facility to provide large samples of correlated charm data
— Enough with 3 months of data taking at y’’(3770) over a 5 years period
— Key data also for other analyses (e.g. D-mixing and CPV in charm)
* Only way to reach sub degree precision
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