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HZKA,*//S ) Time dependence asymmetvies in Dz : Duniet?
«Consider a final state “f” into which both B and B decay.

*Only one amplitude contributes to each B°—f and B—f.

*CPV can occur through interference of direct decay and mixing.
A=Amp(B° = f) = ae? e, ¢,=0and ¢,=

A’ —Amp(BO . f) — be i6° qub ' m 4 Tt )
By measuring the time dependent decay rates, 5 =
N 0 _ BO Aﬂz D_
D(B(t) = f), T(B°— ), d d
L(B°(t) — f), T(B°— f), Eg
. c th

determine the weak phase (2¢,+ ¢,) y
For f=D~z*" mode - g/ g "
D(B° - Drr) 1 VaVa | |, 104 B 4 AF g
(B — D) ViVl ~

hard to measureB® — DT~
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Atwood Dunietz Soni Method for ¢,

-Consider decay of D° to doubly Cabibbo suppressed non-CP
eigenstates and D° to the CP conjugate Cabibbo allowed mode.
Leads to similar size of the interfering amplitudes of the B*
decay. Larger asymmetries with such states.

Bt - D°K+ — [K—nt]|po Kt ~ Bt - DOKT — [K—nt] 50K

*Use knowledge of relevant Cabibbo allowed and suppressed D
branching ratios

*Enough information even to solve for ¢, as well as the difficult
to measure BR(B*— DY K¥).

*Method very clean. No real problems. Need DCS D decay rates.
» Extend techniques to VV

» Multiple helicities offer advantages in measuring (2¢,+¢;).
» VV modes as example of ADS method .
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2¢, +¢, using BO(t) —= D" *p-

In the decay of B -» V,V, if V,=» P,P,7and V,— P,P,” the decay
amplitude may be expressed as

A(B — ViVs) o (Agcosb; cosbs + :/—,21 sin ¢4 sin f5 cos @
Ay 8, sin 85 sin &)
—j——g Sin to s \
1\@1[11111311:10_
Using CPT invariance, the total decay amplitudes can be written
as A= Amp(B® — f) = Aogo + Ajg) +i ALgs

A= Amp(@ — f) = Apgo + /_ng” —iA1g.

A" = Amp(B° — f) = Aygo + Ajgy — i A’ g1

A" = Amp(B® — f) = Aygo + Ajg) +i A’ g1
g, are the coefficients of the helicity amplitudes that depend
purely on angles describing the kinematics.
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Time dependent decay rate

Time dependent decay of the neutral B meson to a final state f

A12 1| AF|2 2 2 P

L(B(t) — f) ZE-Ft(|A| 5 A +|A| 5 A cos(AM¢t)—Im(-.A"A sin{ﬂ.ﬂﬁj)

For VV mode a more complicated form |

I'(B%(t) — f) =e 1t Z (_-"um + Y yg cos(AME) — oo, sin(.&ﬂ-ﬂ’t)) grJo
A<lo
_ 7 ro|2 "
B |AA2 PO AL — —im(A A7 — AL A7) A = Re(Aj A+ 4407
Yaa = |2 — |45

Yii=-Im(ALAF + AL A”Y) Yo = Re(A) 4§ — A") A%)

2

qd 1% a1
i — Im _AzA v = * ¥ *
pu =Im(CCAidy) | Re( 2414+ A1AL1) ppo = ~m(2[A7 4% + A4'))

pLL = —Im(%AiA’L)

N\ 3x2=06 3x1=3 Ve

3x3=9 )
: Total 18 observables In
t =10, I} Interference terms one decay mode
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Consider a final state f into which both B? and B? decay eg. f=
D**p = Only one amplitude contributes to each B%—fand B%-f.

Ay, = Amp(BO — flx = ay e’ ei®a , A= {O,H,J_},
b .
= Amp(B® — f)n = b€, 4, are weak phases,
= Amp(B® — )y = bree | 5% are strong phases.
Ay = Amp(BY — f)y = arere % 9,=0 @= —¢s
For the conjugate process one has similarly
I'(B°(t) = f)=e " Z (iAJ + Yo cos(AME) — sin[&ﬂ-ﬁ}) grGo
A<lo
A)\J — A)\O’)Z)\O’ — S)\O’) If A)\ 7 A/)\ & A//\ 7 A

I'(B°(t) — f) gives 18 more observables.

Cleanly extract weak phases. How??
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(af + b%)’ Sy = — Sy = (a% — b?\)
2 2
extract a 2, ignore b,
N Ai; = —Ay;=bib;sin(dL —; +4;) —aia;sin(4;),
Y1i = Xi;=-b1b;sin(0; — 6 +4A;) —ayia;sin(A;)
where A, =52 — s and 45, =5t — ¢ Solve aja;sin A,

P A=A =

+Use the coefficients of the sin(4 m t) term
CP phase ¢ = -2¢,, + ¢ - ¢,

:lzp)\)\‘HO)\A 2b, sin 5)\::':;0)\)\—10)\)\
aysing ’ @) COS @

= 2by coS )=

+Terms involving interference of different helicity,
pri = —aybjcos(@d+d; —A;)—a;by cos(p+4d) + A;),
p1i = —aib;jcos(¢p—3d; +A;)—abcos(o—0d; —A;)

+Put all the information above together, extract weak phase ¢
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Pii T Pii  PLL T PLL
2 2

a; a’;y

pLi+pL; = —cotgazay cosl;

) ) a2 determined from A,
_a;a, sin A, [pii —2)0@7: I PLL ;;ML]’ and 5

% a1 p,.and p,_measured
] quantities

_ ii — Pii 11— P11
Pli — PLli = taﬂﬁbGiGJ_COSAi[p 2p Sy 2p

a; a;j

—a;a ) sin A; S >

a; a;j

Pii + Pii . pLL T ﬁJ_J_]

a; a, SinA; obtained from A, ; and X ;

2 equations involve only 2 unknown quantities tang and
a;a | CosA, can easily be solved up to a sign ambiguity in each

of these quantities.

tan?¢ or, equivalently, sin? ¢ can be obtained from angular
analysis
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¢, using B= —=D* V= mode

Consider D*0/D™ decaying into D%z/D%z with D°/D° meson
further decaying to a final state f that is common both D%/D?

_— A

Measure four modes:
B*— (fn%) V*, B*— (fn%) V*
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The partial decay rate for B—=D* K*—(Dx) (K7) can be written
as

al 2 2 2 |Al|2 . 2 .2 . 2
Joos 01d 003 0add X (|AU| cos” 01 cos” 0> + sin“ 07 sin” 65 sin“ ¢
ol |A; - sin® #; sin® 05 cos® ¢ + Re(i;;lﬁ) sin 264 sin 265 cos ¢
Im(A, A* Im(A, A}
— m(Q\/% o) sin 264 sin 2605 sin ¢ — (AL H) sin? #; sin? 5 sin 2@),
Amp(Bt — D*K* ), = ayerel?s
Amp(BT — D*K*T), = breia .
- Strong phase difference
Amp(B™ — D*°K*7)y = bye™x
Amp(B~ — D**K*T), = axetox e_i‘bi”/—
Amp(DO — f)

0/10 i A _
DY/DP decays further to f, define Re'~ = Amp(DO = f)
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Amp(B*,B~—f/T) contributions from sum of D%nd DO

Al = ANBY = [[flpy7],. K*F) May not be distinguishable,
—  VB(aye'%eis b}\ewiRem;Still enough observables,

Al = ANB = [[fln],. K*) Can determine ¢;.
= \/E(a)\ewi e 'P3 4 bAeiégRe’m) : .
- _ . Observables — 23
A = AB = [[flpml, K*7)
= VB(axe%e i3 Rei) + breix) Parameters — 14
A{ — A)\(B+_> [ [T]DW]D* K*+) aﬂ, bi,5ia,5/1b,¢3,ﬁ, R
= VB(axe!*e!?3Re?) + b,\ei‘gi), v

R«1, a,< b, help reduce ambiguities

Usual Signatures: |A{[? — |4, |2 = 4R Bayby sin(6} — 52 + A) sin ¢3,
Additional signatures from B+ B

Im[(A; A7) — (AL Ai)] = 2RBsings (aybicos(6] —67—A)
—b a; cos(8h —6¢+A))
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Interference terms-essential: If only [A{[%, |44[%, |4{[%, | A{|?
measured just like doing additional modes. The azimuthal angle
¢, plays a crucial role.

CP Violating Asymmetries
It is easy to see that A  ,can be isolated using the asymmetry

d]‘—‘SHm
d 2
{/ / dcs:rf cos 1 / dcosf Tc030:d cos 0203

o dT
d dcost d cos B> e
/ ¢ / oS fs CORY2 U cos B1d cos Bado

where as, A | can be isolated using the asymmetry

; d]‘_‘lsumr . . .
/ do / d cos 64 / d cos 6 gio = sin260;sin260ssin¢
Q S S 9.

27 Tr .. 9L = sin” 0 sin® 0y sin 2¢
f do / d cos B4 / d cos s L

# Signals of CP Violation can be obtained by adding Band B

®Signals of CP Violation not diluted by sine of strong phases.
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Multiple  helicities  provide
powerful technique. Due to
Interference between different
helicities, enough observables,
without even measuring the tiny
b2 amplitudes.

Adapted from a figure in
talk of Abi Soffer

Examples presented can be extended to many modes:

Michael Gronau, Dan Pirjol, and Daniel Wyler, B°—=D"a, *

Look for other modes where helicities can be used to our
advantage.
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Conelusions

**Modes with multiple helicities enable clean measurement of
weak phases.
“sExperimentally challenging.
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