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OVERVIEW

= Motivation for looking at By Dy ¢(1,K)
= Constraining SU(3) uncertainties in B=>Dmn

= Expected precision from separate analyses
of Bgq2»D,K and B=>Dnt

= Combined analysis with U-spin symmetry

= Further theoretical inputs required
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MOTIVATION



MEASURING YWITH B,=D,u

= The B,?>Dju, family are tree level decays

> Not sensitive to New Physics

» Provide a SM baseline of y for other
measurements

Y

BOIO

d
Current SM values of

CKM angles:

N

o =(87.872) 0"

p=(215%) B
y=(72"2) oo (b
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LHCB PERFORMANCE PREVIEW

What is the expected LHCb precision on y?

» 10° with 1 year of data taking (2fb-1)
in Bg>»DK

> ~20° with 1 year of data taking (2fb1)
possible in Bg=>»Dn

Can also use By=2D*m, B;2D./*K

Will discuss in more detail later in the talk...
just whetting your appetite for now.

Informal discussion, 5 June 2008

5/35



DEPENDENCE ON Yy

The dependence on Yy comes from time
dependent rate asymmetries:

A(B - D,T,)= C cos{Amz) + Ssin(Am)
© Y cosh(Art2)- A, sinh(4r 1 2)

Since there are two possible final states, one
obtains two asymmetries, and hence two (to
first order) independent constraints on y
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ASYMMETRIES IN MORE DETAIL

C, S, A, are the observable parameters, from which y
is extracted (from now on “CP observables”

» C can only be resolved for large x,

» A, can only be resolved for large Al

2
_2x,sin(8, +¢, - y) C __1-x
(¢ +1) L+,

g
‘AN(BS - Dqu)‘z +‘C(Bg - Dqu)‘z""S(Bg - Dqu)‘2 =1

And there are of course three analogous parameters
for the “other” asymmetry
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GOING DEEPER INTO THE TERMINOLOGY

The dependence on yis contained in the CP-observable S

2xq sin(éq + ¢, —y)
S= >
(Xq +1)

X4 is the ratio of the interfering tree-level
diagrams; the bigger x,, the more sensitive
the decay isto y

Xd:

AR

1- 4

A

Xs

Ry
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ONE FINAL STEP...

The formulas for x4 ¢ come from the decay amplitudes

21, |
2 AV,

R=[1-

0.4 ay,a, are hadronic parameters

of order 1, A is of course 0.22
(the Cabbibo angle)

X.=Ra., =04

[ FR,
1- A

Xy = a, =0.02

X, is large enough to fit from data

BUT

X4 Must be externally constrained!
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WHERE DOES THIS LEAVE US?

B,2>D.K and By2Dm decays are sensitive to y

We measure y from time dependent CP asymmetries
The observables which carry the dependence ony
also depend on the ratio of the interfering tree level

diagrams

» This interference is big enough to fit from the
data for the B¢ case, but too small for By

In order to extract from B,2D1, we heed an
external constraint on x!
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CONSTRAINING X4

Taken from
Max Baak’s talk
to CKM 2006



BEFORE WE PROCEED

In all following slides

D(*)h —
ro()h = x
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THE STARTING POINT

Estimate r°(")h from B? - D ,(")+1r/p- using SU(3) symmetry [

ol
|
o

©

Ved
VCS

fpe
Fpe

T‘D(*Jh - B(BU—>D§*)+h—)
VBB D™-ht)

Max Baak CKM Workshop 2006, Nagoya

[11]. Dunietz, Phys. Lett. B 427, 179 (1998)
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SOURCES OF SU(3) BREAKING

Amplitude relation assumes factorization

e Not (yet) been proven to work for wrong-charm b - u transitions
o i.e. No theoretical handle on size of non-factorizable contributions involved

Three potential sources of SU(3) breaking between D(™h and D_,(")h :

1. Unknown SU(3) breaking uncertainty from non-factorizable

contributions
2. Final state interactions: different rescattering diagrams
3

Missing W-exchange diagrams in calculation

Accounted for by introducing theoretical uncertainty on amplitude ratio rP(*)h

e  Size of uncertainty not well understood
e Typically guestimated to be 30% of size of amplitude ratio.

Max Baak CKM Workshop 2006, Nagoya
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RESCATTERING CORRECTION

1. Rescattering is parametarized
as a multiplicative correction
to the amplitude ratio:

2. Rescattering is independent of
formation process, so can be
calculated from CKM-favoured
modes

3. Fit to the strong-interaction
rescattering matrix using
experimental inputs to obtain
correction factors

4. Can check validity of method
by comparing predicted
rescattering branching ratios
to measured ones

Max Baak
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BR (x104) Factorized B | Rescattered B | Measured B X
Bt D0t 48.6 48.6 492 £2.0 [ +0.29
B’ D~ xt 32.7 28.0 283+1.7 | +0.20
B% 5 D% 0.50 2.39 2.61 +0.24 | +0.90
B Dy K+ 0.00 0.25 0.27 +0.06 || +0.41
BY— D% 0.00 1.36 2.02+0.35 | +1.89
BY— D%/ 0.08 1.25 1.25+0.23 | +0.02
Bt DKt 3.90 3.90 4.08+0.24 | +0.75
B’ S DK+ 2.6 2.2 20+06 [ —0.27
BY— DYK? 0.08 0.53 0.52 +0.07 || —0.12
Bt - D*Ixt 50.3 50.3 46 +4 —1.08
B D*x*t 33.0 28.3 276 +2.1 | —0.34
BY— D*070 0.60 2.51 1.73 4+ 042 | —1.86
B DKt 0.00 0.23 0.18 £ 0.06 | —0.87
BY— D*0y 0.07 1.34 .78 £0.56 | +0.79
BY— D*0yf 0.10 1.24 1.23+0.35 | —0.03
BT 4 DYKT 3.88 3.88 3.7+04 | —0.44
B4 DKt 2.53 2.10 21402 [ +0.21
B D" K? 0.09 0.53 0.36 £0.12 || —1.35
B+ - DY+ 101 101 134 +18 | +1.86
B' 5D p* 76.3 71.1 75+ 12 +0.32
B DY,0 0.4 3.1 29+1.1 | —0.19
B’ Do Kk*t 0.0 0.0 0.0+6.6 0.00
B D% 0.2 2.6 2.6+06 | —0.10
B D% 0.0 0.0
Bt DVK*+ 5.9 5.9 6.3+08 [ +0.49
B D-K*t 4.2 3.9 45+07 | +0.79
BO— DOK*0 0.08 0.36 0.40 +0.08 || +0.48

CKM Workshop 2006, Nagoya
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SU(3) correction from rescattering

~ Naive amplitude ratio :

» SU(3) rescattering correction factor R, to amplitude ratio T

(=)
TU h _

f}__‘.r{*}

r‘d

[B(B® =D *”h—}
V B(BY = DH-hT) |V,

n'["‘]'

R~ R Ei“ﬂ Q
TJ u‘l J ?’F‘},ﬁ
~ Values of R; : /.
|
. \ L
Final state R; | | 1. No annihilation
\ rescattering for
| | BshD.®
DTr~ 1.045 £ 0.005 '\
Dt~ 1.072 £+ 0.005 r—
2. Kinematic
D+p_ 1.036 factor
In FOI‘I%ér diSCUSSiOﬂ, 5 June 2008 CKM Workshop 2006, Nagoya
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W EXCHANGE CORRECTION

1. Estimate from effective No exchange diagram for final state D.1v/p
hamiltonians for the two
processes (tree-level and B V, T
exchange) using naive o D"+
factorization d

L B® o

2. However, factorization is not d

reliable for colour-suppressed T
' >

decays q V. C

3. Add a large systematic error to
account for this:

|E/T|<5.0%

Max Baak CKM Workshop 2006, Nagoya
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NON-FACTORIZABLE SU(3) CORRECTIONS

1. Estimate residual SU(3) breaking from non-factorizable
contributions using B=»D_*mt

2. Relate the measured branching ratio to the rescattering-
corrected factorization prediction

3. Precise estimate from factorization is possible by relating
B=>D *n to semileptonic B decays

» Assuming up to 3 times typical SU(3) breaking scale for B®—nD,"*:

) Qms RE?(&;OH) 4+ % |a;0rr|2
' AX |]_ 4 &gm'r|2
< 0.085 (0.120) @ 68.3% (90%) C.L.

Max Baak CKM Workshop 2006, Nagoya
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THE FINAL ERROR BUDGET

» Amplitude ratios after rescattering correction:

Ved
Vs

.

(]

ng*)

TD(*)h o B(BU—>D§*)+h,—)
~ \ B(BY— DM)—pt)

I L

Decay Predicted 2% (x102)

B’ — D¥r* [ 1.54£0.18(B) £0.09 (r.fp,,,) + 0.17 (Vi) £ 0.01 (rsc.)
B — D*Fx= | 215+ 0.30(B) £0.12(r.fp,,,) + 0.24 (V) £ 0.01 (rsc.)
B — D¥p* | 0.33£0.59(B) £ 0.02(r.fp,,,) £ 0.04 (V)

» New since PDG '06: large uncertaintainty from V

» We add 9% Gaussian errors for SU(3) from non-
factorizable contributions and 5% flat errors for No SU(3) uncertainties
SU(3) breaking from W-exchange diagrams. included

OVERALL ERROR NOW TAKEN AS 20%

Max Baak CKM Workshop 2006, Nagoya
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EXPECTED PRECISIONS
AT LHCB

y =60°

ASSUMED THROUGHOUT



B.2D_K
= Use untagged B,2DK events to

resolve A,r

= Use B2>»D.mevents to help B,2>D.K 6.2k 0.2
constrain Al'g and Amyg

= Results in twofold ambiguity on 'y B.>D,m| 140k 0.7

Yield (2fb-2) | B/S

BS->D,’K+PDF & events, projection on t | | B°->D+K' PDF & events, projection on t |
S With 2fb-! of data:
-f o Precision with tagged
1ol & untagged events
B I Ip;o:‘aerlti;nelu‘)s} - proper time (ps) y+ % 10!30
BY->D_K'PDF & events, projection on t | B!->D’K" PDF & events, projection on t |
g 2 300
@ 2503 i 2505— -1
20[]5 ;_ Ams 0-007 ps
100 ; 100? xs 0 ] 0 6
R T e Ref: CERN-LHCb-2005-036
CERN-LHCb-2007-017
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B_=2>Drmt

140
120
100
80
60
40
20

X

real solution @
X

X

-20
-40
-60
-80
-100
-120
-140
-160

-180-160-140-120-100 -80 -60 -40 -20 O 20 40 60 80 100

Two problems:

X

1) The uncertainty on x4 introduces correlations between the two
asymmetries.

> The errors on each observable worsen, and after some time
are saturated by the correlations.

2) The negligible lifetime difference in the By system means A, is not
accesible

» The eight-fold ambiguity on y remains. Also, the precisions
vary with the value of the strong phases.

Both will be resolved by using U-spin symmetry!
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B_,=2DT1: 5 YEARS, FACTORIZATION LIMIT

=150 -100 -50 0 50 100 150{ ]I
? o

2"loglL)

-150 -100 -50 0 50 100 150{) -150 -100  -50 0
-':‘l'-

50 100 150
¥
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B,=2Dr1: 5 YEARS, LARGE STRONG PHASE

150 -100 -50 0 50 100 150

2" log(L)

=150 -100 -50 0 50 100 15!]{}| =150 =100 -50 0 50 100 150
.-|'.' .-rl
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USING U-SPIN



U-SPIN OVERVIEW

U-spin is a subgroup of SU(3) XS — Rbas

> QCD effects same if AZ Ra
decays are related by —
interchange of d and s Xd 1-— AZ ad
quarks
QCD effects are parameterized 2X S n(é + ¢ — y)
by strong amplitudes (ag4) and S = d . d
phases (3,4) (xs + 1)

Three different assumptions: equal phases and
amplitudes, equal phases only, equal amplitudes only

Major advantage : no need to resolve X,

Ref: Fleischer, hep-ph/0304027
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ASSUMING EQUAL STRONG PHASES

III

Can make a "minimal” U-spin assumption
Strong phase in B=»Dm is the same as in By DK

Introduce this as a Gaussian constraint in the contour
plots to resolve the ambiguities

» Assume strong phase known to 20° (theoretical
and experimental error) after 1 year

> And 10° after 5 years

In this case, still need external kowledge of x4
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B,=2Dr1: 1 YEAR, LARGE STRONG PHASE, U-SPIN

- - - . 50 1EH] 150
(%) v i)

2 "log(L)

-150 -100 -50 0 50 100 15!‘.!{}| -150 -100 -50 0 50
.-rll.'
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B_,=2>D1: 5 YEARS, LARGE STRONG PHASE, U-SPIN

150 -100 -50 0 50 100 150

-150 -100 -50 0 50 100 15[']["1 -150 -100  -50 0 50 100 15l_3||:_j

vy known to 10 degrees - useful for a global constraint!
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MORE SOPHISTICATED U-SPIN TREATMENT

Introduce new “orthogonal” CP-observables

S +S 2 o
<SQ>+_ q2 = quf(:(? qan(¢q+?’)
<Sq>_ B Sq —Sq - 2Xq sinéq COS(goq +)/)

2 1+x§

Will now use B,2D,K and B=>Dminformation at
the same time to get a combined constraint ony
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STRONG U-SPIN ASSUMPTION

Uses the relations

acosd, |, _ [sinlg +y) | (S).
1 R=- —
(1) | a,C0SJ, _s|n(q05+y)__<5d>+_
_asSina_s_R:—_Cos(qu+y)__<SS>—_
(2) ' a,sind, _COS(¢S+V)__<Sd>—_

to extract y under the assumptions §,=9, and ag=a

2 2

The parameter R can be - R = 1- A 1+Xd

determined from B;2DK 2
> X4 is a negligable

second order correction.
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PHASE U-SPIN ASSUMPTION

Uses the relation

_tands_

tanogy

to extract y under the assumption 6,=0.. It does not

require any assumption about the value of a4 or a_

Informal discussion, 5 June 2008
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AMPLITUDE U-SPIN ASSUMPTION

Uses the relation
: 2 2 .
Ein _, sin(2¢, + 2y)| (S,) cos’(@ +y)+(S,) sn*(@+y)
- : 2 2 .
a, sin(2¢ +2y) (Sy). cos’(@ +y)+(S,) sin’*(¢g +v)
to extract y under the assumption ag=a.. It does not
require any assumption about the value of &, or &, apart
from an assumption about their relative signs

if cos(d, ) has the same sign as cos(d, ),

o =-sgn[(S.) (S,), sin(g +7)sin(@ +7)

s).
if sin(d, ) has the same sign as § n( J,)
(Sa)-

o =-sgn[(S.) cos{@ +7)cos(@ +7)
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EXAMPLE RESULT: y=60°, =60° (~1 YEAR)

ascos(és)/adcos(éd)

0O 10 20 30 40 50 60 70 80 90 100 110120130 140 150 160170

y [°]

tan(d,)/tan(d,)

ALl LA L A Lt Lt b L L

|||I|I|I|||I|||

0O 10 20 30 40 50 60 70 80 90 100 110120130 140 150160 170

y [°]
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ESTIMATING U-SPIN BREAKING

U-spin breaking is typically guesstimated at 30%

Has been argued to be a better symmetry than SU(3) in
certain cases...

» Because U-spin does not depend on assumptions
about relative sizes of different decay topologies,
unlike SU(3)*

Would be nice to have a detailed error budget before we
try to publish a measurement...

Ideally a list as produced by Max Baak for x,:

» U-spin breaking effect X can be estimated at Y%
from control channel(s) Z, , 5 ..

*Ref: Soni&Suprun, hep-ph/0609089
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BACKUP



B_,=2D1: 1 YEAR, FACTORIZATION LIMIT, U-SPIN

-150 100 -50 0 50 100 150 -150 100  -50 0 50 100 150
.-rl{l.':l "

v ()

2" log(L)
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B_,=2D1: 5 YEARS, FACTORIZATION LIMIT, U-SPIN

-150 -100 -50 0 50 100 150
(7]

2" log(L)
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.-rll.'
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EXAMPLE RESULT: y=60°, 6=60° (5 YEARS)
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EXAMPLE RESULT: y=60°, 6=10° (5 YEARS)

dedmdudunnnnnnn
I S S S S
G

ascos(és)/adcos(éd)

0 10 20 30 40 50 60 70 80 90 100 110120 130 140 150 160170 -90 -80 -70 -60 -50 -40 -30-20 -10 O 10 20 30 40 50 60 70 80 90 100

y[°] v [°]

tan(d,)/tan(d,)

P
T

L]t Ll

e | d
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
[e) (o}

y [°] y [°]

Informal discussion, 5 June 2008 40/35



ascos(és)/adcos(éd)
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EXAMPLE RESULT: y=60°, 0=85° (5 YEARS)
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EXAMPLE RESULT: y=60°, 6=30° (5 YEARS)
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» SU(3) breaking error on r[D(")
from missing exchange diagram:

h]

‘ ‘ JERB“_}D “K*)

B%D’.?z')

=10%

» Ignores rescattering contribution to DK Dp :

— pverestimation of E

~ W-exchange amplitudes from

rescattering fit consistent with

naive factorization estimates!

~ Large uncertainty on |E/T|

estimate for b — u transition:

1. Factorization uncertainty for b — u

2. Value of Callan-Treiman prediction:

2

0—D 3_..?”3
Fy ""[mgu..—jf—ﬂzﬂ.u
- mz f,

» Add 200% error on predicted ratio: =———————

Informal discussion, 5 June 2008

E
Dm 7| < 0.029 (0.058) @ 68% (95%)
% E L) 0
D*x 7| < 0.021 (0.041) @ 68% (95%)
b Q4 oV @GR (R
7| < 0.033 (0.066) @ 68% (95%)
S SV S v
b — ¢ transition s
‘E‘ a, [z mi—mi Fcu_’;‘f'_"”;].ﬂ_ﬂ
— = S = U A0
T| a, f,\mg—mpy | FF=P [mﬂ, |
b — u transition
‘E‘ a, fy | my—m; ““FG_’“E [5’”3] | 30
—| = - 3%
a, fplmg—m; | FF~ " m} |

CKM Workshop 2006, Nagoya

IE/T|<5.0%
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Non-factorizable SU(3) breaking

~ SU(3) breaking in amplitude ratio r from non-factorizable contributions:

L+

Non-factorizable

I+ at™r amplitude B'—hD(")+
&Eﬂl‘r . &Cﬂ[[

. = Apl|l + d — S
Absorbs one 1 4 georr
unit of 2mJ/A, o . —

A | [RE(G&UI‘I)_‘_%|QS‘HI‘ 21— Rg(agnrl)_‘_%la;nnl_
&
= Ag (]_ 1 ac 2:1”3) < 0.17 @ 68.3% CL
X

~ Additional SU(3) breaking proportional to non-factorizable contributions
times perturbation parameter

» Assuming up to 3 times typical SU(3) breaking scale for B*—nD,"*:
) 2?]‘]‘.H rR{,_,{ﬁ;:,xrrj} I % |ﬁ.i;“”|2
A, |1 + agerr|?2
< 0.085 (0.120) @ 68.3% (90%) C.L.
Ylax Baag . . _KM Workshop 2006, Nagoya
Informal discussion, 5 June 2008 e

o 2T,
a

X
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Non-factorizable b — u contributions

~COorr

» Relative size of non-factorizable amplitude: a.

Breas(BO— 7 DiF
|1 T Ei;orr| — \/ BH]BCLS((BD H?;_Di’_ )) ~ 14+ Re(&;orr) + % |(~i;orr|2
resc 5

= 1.176 £ 0.167 (exp.) & 0.057 (fp=) £ 0.014 (rsc.)

N 1 1
~ |1 + &gorrl |1 + &§01'1*|2
< 0.17 (0.24) @ 68.3% (90%) C.L.

» Limit should improve with updates of: BR(B—nlv), BR(B°—n"D,™), fp..

‘ Re(agm‘r) + %|a§0rr|2

‘1 + agorrl?

» Two definitions to describe SU(3) breaking from non-factorizable corrections:

L] Cmi/a)~ [016,0.26
fo./lp—1 = 025+0.11 = 2m,/A,

typical SU(3) perturbation
parameter

. A(B® - DT R
I
SU(3) breaking parameter A(B"—=D ht)
in amplitude ratio rP()h [y F(m?
, . —— @ — D ( ;)( J) R; )
(contains 1 unit of 2my/A, ) fD(*’F(m (*J)
Max Baak ° D:
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