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The angle Y in SM

CKM matrix order in A = 0.22  phases up to O(\?)
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® Up to 3rd order in A, there are only two non-zero phases in
the CKM matrix, 3 and Y. But they can be accessed in
different ways.

® Convention: Measurements using charmless B4 decays, like
By — 7, that are sensitive to 2+2y = 2(1T-&), are “«
measurements” (prev. talk). Others likeBy — D7 (sensitive
to 2f+Y), are“y measurements” (this talk).

® More phases appear at higher order (next talk).
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Status of Y

® Current constraints (CKM Constraints on the apex of the
Fitter, based on Moriond 06) Unitarity triangle from direct
measurements of &, p, Y only.
e From B:I: _ DK:I: B Y Y
0+35°
v = 63" 55, Sl g T
06 [ 2 Sin2P Y %—
o Including Bqg — Dm N ' \
0—|—220 F=y 04 § sol. w/cosZﬁfO
— 7]. —30° 03 F g (excl. at CL > 0.95)
02 o
® Combined fit excluding y o — :
C : p
measurements: 90.4I | I-0.2I | 0 - 0.2 | 0.4 0.6 0.8 1

= 59.8°74-9
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Y from time-dependent
decay rate asymmetries

Extract phase-difference between two decay paths from amplitudes
in time-dependent decay rate asymmetries.

This example is sensitive to:

Sin(¢s,d =+ Y + 5strong)
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Basic Principle & Tagging.

flavours fully reconstructed B
at creation qB +qB ® Decay products (RICH)

® Decay time ~ flight

opposite—side B hadron i distance (VELO)
Find e.g. Kaon, lepton to get
flavour of reconstructed B

at creation. ® Flavour at creation -

| | opposite-side or same-
't=0 ' T=Ty

Same- — b g side (Bs only) Tagging.
side S

taogi § S +
gging K

L o [ ~4-5% (By)
€eff—€D _E(l_w) _{ N7—9% (BS)

N events with tagging efficiency € and mis-tag fraction W are
statistically equivalent to Eff perfectly tagged events.
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By — 7w

Y from B. — KK

e |f there were only the tree- V: W~ < mt
contribution, By — 77 would n b L
measure 2( + V), i.e. 2a. d > d

® But there are penguins. They
com!al.ic.ate things, but Provide mixing phase 7 e B phise frop b
sensitivity to new physics. B Tt

bd ud ud

e Disentangle Penguin and Tree W

contribution by combined By,
Bs analysis. Assumes U-spin

(d<>s) symmetry of strong b —t ‘—g o0
. B 0! .
d

interaction.




® Expected yields: S
20k Bd — T T

37k B. — KTK™
135k By — Kta™

200 [ Jﬁ; ~o
e RICH crucial to distinguish . A o
decay modes 5.0 5.25 5.5|5.0 525 m[GeV]
. | 9 ‘\ | [
® VELO provides the excellent ’ q ‘,
. . I
time resolution needed to ', ; | N \ ]
resolve fast Bs oscillation. Bg-oscillations: | "' \ ! ""“"“ ‘i,!‘g" ||n il
o(T) ~ 40 fs, ~10% of Bs * # SRR kil
oscillation period. Bd-osci”ations:‘ { % |
M g
e After | year:o(Y) ~5° | ORI = A0t



Y fromB) — D¢K

Tree-only, no penguins.

In contrast to By — D,

decay amplitudes are of s KT 5T
simiIZr maP itude - | <u K AVA <c Ds

gnitude - large - s . - —o, b | N
interference effects. By s s Ds Bgs s K

No external constraints

needed to extract ¢, +Y. e_iﬁb/Bs p. e~ 17 Fdstrong)
Sufficient numbers of Bs B, DK

only available at LHC. \/

Benefits from some of
LHCDb’s finest features, the Sensitive to ¢ +Y, where @y is the mixing

RICH and the VELO. phase in the B system. In SM: ¢ £0
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Y fromB) — D¢K

® Dominant Bs — Dsm, ~10x larger
Background: Signal BR, highly suppressed

B, — Dy with 10x E— * by RICH
larger BR. S

2000

e K-IT separation
provided by LHCb’s :
RICH cleans up data 1000
sample. :

1500:

5003
® Expect 5.4k events/

1 0_ . i Iﬁﬁé N H | i i
year, with S/B > 2 53 535 54 545 55,
B, mass [GeV/c]

o(Y) =13° within | year for Am=17.3/ps
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v from B~ — DK~

Use  interference  between /1/ DK\

Bt — DOK=* and B — DOK= B~ f(D) K
where DY and DY decay to the . S10-1) _
same final state fp. B DK

No time measurement - simple.

No tagging - boosts statistical DK=
power per event by factor of ~10-20 /1/ \

B
B~ —D°K™) i(5— 16
(B— o=} = B¢ r, 8 e




2 body
3 body

~v from B~ — DK-

f(D) can be a CP-eigenstate DK=
(GLW) - advantage: /

(D° = for) B- GLW K'KK
(D" — for) =L =—"
ADS: Favoured B decay

goes with the Cabbibo /DK

suppressed D decay.
ADS K'm K

Interfering Amplitudes of

similar size lead to larger
. TBGMDK_}

interference effects.
KTK~, ntn", Km
Kentn™ KgKTK~™

4body K"K nrn~ K'm nhim



Extracting Y by counting
B— — DK~—event rates

® Extract v simply by counting event numbers.

® Asymmetries can be very large with ADS, e.g:

I'B- DK 7#H)K")-T (BT - DK 7 )KT)

I'B= —=DK—77)K~)+T' (BT - D(K+tn—)K™) ~ 0.4

Expected performance at LHCb, | year:

e 60k K,
o 60k Krmrr ™ 0'(’}/) ~ 479 — 147 (stat only)
o 8k KK, m (exact value depends on input parameters)

T Using simplified model ignoring resonant structure.
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3-body D decays and Dalitz Plots

2

Ther’e are many PathS frOm 3-body decay fully parametrised by

parameters.

D°to K nm

Intermediate state | Amplitude |¢;] | Phase d; (°)

K*(892)*n~ 1.656 £ 0.012 137.6+0.6
K*(892) (14.9£0.7) x 1072 | 3252422
K3 (1430) 77~ 1.96 £0.04 REYRE S
K (1430) 7t 0.3040.05 12848
K3(1430) 7~ 1.32£0.03 J135+18
K;(1430) 7" 0.21£0.03 8149
O K*(1680) 7~ 25640.22 0£6
D H K*(1680) 7+ 1.02£0.2 103£11
K 1.0 (fixed) 0 (fixed)
Kqw (33.0£13)x 1070 | 1143423
Ksfo(980) 0.405 £ 0.008 2129423
Kgfo(1370) 0.8240.10 30848
Ksfy(1270) 1.35£0.06 35243
Kqoy 1.66 £0.11 208+4
Kyoy 0.3140.0 26411 . e oy ey s ]
non-resonant 6.140.3 146+ 3 0.6 08 1 12 ErEEY 21.8 ' 2

® Every point in Dalitz plot ~ different decay channel, with different strong phase 0.

® The shape of the Dalitz plot is fitted, not the absolute numbers of B+, B-, no need
to know production ratio.

® Same idea applies to B, — D(KKn7)K, B, — D(Knrm)K.
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From BaBar’s large prompt D sample, not

D’s from B’s used for CPV measurement

- — KsT‘-T‘- DO K:

Dalitz analysis.
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Detector/yield studies:
o Acc ~flat (within stats)

o ~ |.3k events/year
o 0.5 <B/S<3.2(90% CL)

Sensitivity study
| .3k events, ighoring backg.
and detector effects, for
y=60, 0=130, ry =8%:
o(y) ~ 16°
rpdependence:

o(y) x 1/ 13“23) ~1/rp

We use UTFit’s global fit result,

rg= 8%. BaBar/BELLFE’s value from
this channel is closer to 15%.




4 body Amplitude
Analysis

What works with DY — K r7 should also work
with DY - K™K 77~

Particularly suitable for LHCb: No neutrals, benefits from
K/m1 separation by LHCb RICH.

4 body amplitude analyses are a bit trickier than 3 body:

® Need 5 instead of 2 parameters to describe kinematics,
and phase-space is not flat in mfj parameters.

® Amplitude structure a bit more complex, with several
intermediate states in decay chains.

But can be done. See FOCUS in Phys.Lett. B610 (2005)
225-234 (hep-ex/0411031) (for D’s not from B’s)
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Amplitude analysis
of B — (K_I_K_ﬂ'_l_ﬂ'_)[)o K:

MC input values: +=060" § =130%rp =8%

Fitting 60 toy experiment All preliminary, all without
with Ik events each: background or detector effects
B m(g?;ol:::z;rlnos Assuming LHCDb yields of |.5k/year and
g _ 12004170 rp = 8%, expect a(y) ~ 20°%in | year.
TBA = 8ANE2.T% High hopes for for ADS-type 4-body
jg»iimeﬁ\ channel B¥ — (K7T7T7T)D0K:|:, which has
520F /6O : :
E @‘0\0\% log £ stronger interference, i.e. rg closer to |.
o
) s LHCb specific yield and sensitivity
: studies for both channels pending.

-150 -100 -50 0 50 100 150

16



Y from

Bl — D(7K, KK, Km)K*

All BT — DK™ analyses can also be done with Bg — DK*

K* — KT7~ tags beauty flavour.
Time-integrated decay rates measure Y.

LHCDb performance for in one year:

Mode (+ cc) Yield S/By,, (90%CL)
BO — DO (K+r-) K*0 3.4k > 2

BO — DO (K-m+) K*0 0.5k > 0.3

BO — DO, (K+K-) K*0'| 0.6k > 0.3

From BY — D(2 — body)K*
expect precision on Y of ~8°
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Conclusions

Some Y-sensitive channels at LHCb:

LHCb can access Channel Peng
Y in many BO — 7r+7r_} .
_ ¢ U —spin V )
) 0 ., K+
different ways, B, — KK NP in
By — pTm | measures Vv penguins?
some more and Bl pp [a=7m—B-7 v
some less A é }smy
sensitive to New BT — DI(Krm, KK, 7K)KE ./

. . BY — DO(Km, KK, mK)K*? i Sensitive to
Physics. Typical B . DO(Korm)KE Y NP in
precision: 515 B® — DO(Ksmm)K* (study in prggress) D-mixing
deo i B+ — DY(KKnm)K* (study in progress) herwi Sl:’|

€g In one year. B* — DO(Krmm)K* (study in progress) otherwise SIM-y

This will thoroughly over-constrain the SM description of CP
violation and quark mixing, hopefully breaking it, certainly severely
restricting the parameter space for possible New Physics models.
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Observables and
Parameters in B! — DK

BSHD;FK_—B—Q%D;FK_

Ant_(t) = .
o k=) BO — Df K~ + BY — DI K-
B C's cos(Amgt) + S, sin(Amyt)
~ cosh(A@,t/2) — Aarsinh(AT,t/2)
1 — 72 <Dy
CSZ_(l Té) T —
Nt el
s . Y
SS — 1 + T? Sln(¢8 + Y — 5) B:E SC Ds_
21 »s = Bs mixing phase ~ 0 in SM

AAar = S
AT 1—|—T2 COS(Qb +’7+5>

S

0 = strong phase
v = what we’re after

For CP-conjugate A, - 1, swap signs of weak phases ¢ andy.
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Conclusions

Some Y-channels at LHCb:

LHCDb can access

) Channel Peng
Y in many BT
different ways, BO — KHK—[ ~ P Vv
some more and By — D™t v
SOMe 1ess BE = DO(Kr, KK, 7K)KE  /
sensitive to New BY — DO(Kr, KK, 7K)K*® ./
Physics. Typical B — D°(K )K= v

precision: 5-15 B . DR (o o)

deg in one year. B* — DY(Krmm)K* (study in progress)

This, together with the X measurements that measure essentially the
same CKM parameter (but with different sensitivity to New
Physics), will thoroughly over-constrain the SM description of CP
violation and quark mixing, hopefully breaking it, certainly putting

strong limits on the parameter space for New Physics.
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Observables and
Parameters in B — DK

B - DfK~ —B? — DFK-
BY — DFK— + B0 — DFK-

C's cos(Amgt) + S, sin(Amgt)
cosh(ATl'st/2) — Aar sinh(AT'st/2)

Apry-(t) =

1— 72 2rs . 2r,
Csz—( rs) Ss = sin(¢s +v7—6) Aar = i 5 cos(¢s + 7 + )

1—|—7“§ 1+ r:

o Vub'”’<uii ¢s = Bs mixing phase ~ 0 in SM
Ts = =K 0 = strong phase
B, ‘D, ~ = what we’re after

For CP-conjugate A, - 1, swap signs of weak phases ¢ andy.
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Y from
BY — D,Kand B4y — D™

Penguin free, hence insensitive to New Physics. Measures SM-y, a
benchmark for other measurements

°:j.
Z¢S B ’L(’Y‘|‘5t ) /\ | . | ,' , |_
\T@ strong - ', i . i | ,

Bds Dd,sn/K

N -0.3 [ {
.0.4 b P I T R SR BT R

0 0.5 1 1.5 2 2.5 3

Proper time | ps |

Not a CP eigenstate. Measure two time-dependent asymmetries,
one for each final state. CPV is in the difference between the 2.

As for &, use interference between two
decay paths to a common final state.

Asymmetry

Details: Aleksan, Dunietz, Kayser, Z. Phys C 54 (1992) 653.
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-50 [
-100 [

150 |

Ambiguities

Fit to asymmetry

IS sensitive to
sin (£ (¢s + ) + 0)
leaving an 8-fold

ambiguity in Y, 0

Untagged decay rates depend on
sinh(ATl'st/2) cos (£ (¢s + v) + 6)
Helps resolve ambiguities (effectiveness
will depend on precision, can only

work for Bs where Al is large)

. «— true solution —_ g .
. . | lllustration for -
" 0=60,y=60,n0  °
errors. . "
s Lawgrans ( Caugroee
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Y from By — D) 7

The U-spin (swap d<s) partner of

Bs — DK

Larger BR, more events, e.g. > 200k pa, S/
B>3, for By — D°(Km)w.

But: Interfering amplitudes differ hugely
in magnitude:

A(Bd —> D+7T_)
A(Bg — Dtr—)
® | ess sensitivity to Y per event.

rd —

<1

® |n contrast to Bs case, r is too small to
be constrained sufficiently from fit to
C. Need to get it from elsewhere.

25

Asymmetry

Proper time | ps |

ABd—>D7T _
C'ycos(Amgt)
+  Sgsin(Amygt)
1—r?
Cem T <1 + r2)
2r

Sd = 1 n 7“2 Sin((bd -+ Y — 5)




Combining
By,s — Das {7, K}
to resolve ambiguities:

The following expressions are exactly | if we assume the strong
interaction is symmetric under s<>d quark swap (U-spin symmetry):

1:_1 <sin(¢d+v)> (SS—S_3> _ 1 (COS(¢d+7)) (Ss +S_s)
R \ sin(¢s + ) S, — Sy R \ cos(¢s + ) Sq+ Sy
7 ~

Amplitude of sine-term in A(D V7 7) ...and same for CP-conjugate Asymmetry.

1 — )\ 1+ 7“621 ,
R = 2 142 ) can be extracted from data (to 10%-15% in ly). No
’ need to know 1.
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Combined B4 — Dy {7, K} to
resolve ambiguities (|year)

| O contours

N\ 105/

N N g T ]
o | o [ls o |
8 SoR{ca:
] 6 + |+ of
ol 3 I
nln n |y
SN—— , H ~——— ,f
;\ /: 0 Ferersesonoronnerss s sesrerdrrsrsvarsererirene e A A v s N o} l}b/;’_‘
F\ F\ = 7~/ N
L ol i i _2/ /
g\é‘i -4 - = e Af
EIERR %
U 8 F 8 8 8
10 \\—/_10:‘.|‘...|. AR S
‘_1|Q: 100 50 0

-150 -100 -50 0 50 100 150 -150 - 50 100 150
— Q
| v | degrees | I v [ degrees |

After | year for y=60, 0=60, =0 ¢ 47
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Combined B4 — Dy {7, K} to
resolve ambiguities (5 years)

| O contours

N\ 2 |"'|“'|‘H|"("w‘w"‘_
s st \ :
I . \ ]
W = [ \ 3\ ]
NN 14 [ \ .
\_/ r \ ]
12 F \ - y
VN i \ \ ]
=T \ N —
|+ o \ | —:
S & \ \ ]
| 06
\5 - 04 [
— |~ 0 0 e e Pyr 180 — | Qg 0 o “% w w0 w6 H;;o
| Y [ degrees | | v | degrees |

After 5 years, showing positive solutions only, for
Y=60, 0=60, ¢.=0 c|>d=47



y from Bj — DK*and
B~ — DK™

o K* or K+ tag beauty flavour.

[2Agp AL
® Measure 3+3 decay rates: Aty
Iy = TI'(B®—DntK™)K*) A
. = T'(B”— DK 7 )K*) A
I'cp = TI'(B®— Dp(KTK™)K*?) h
and CP-conj: ', ,T_,T'cp A

1
e Use: A(By — DcpK*) =A(By — E(DO + DO)K*)

® Extracty from: _ _
Y I'y=1'_=q, I'_- =14 =g

+
FCP — g1 5 92 —l_'\/glg2 COS (A‘|‘”7)
_ +

I'cp = NTI2 V9192 cos (A — )

More about the method in: Gronau, Wyler, Phys. Lett. B 265 (1991) 172; Dunietz, Phys. Lett. B 270 (1991) 75.
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BRs,Yields of 3 and 4
body Dalitz channels

DY — .. | BR

Koemmm™ 7 9% BaBar/Belle
KS KTK™ 051% new gamma channel

K +K_ 7-(-_'_77_ 0.25% new gamma channel, i

B E——

K—I_T( T 7 /.37 AeEW Dalitz channel

4 body channels promising for an experiment like LHCb:

o Only charged particles in final state, no Ks.
o Kaons can be identified by RICH.
LHCDb yield p.a.: ~ 1.5k KK, 60k Kt (~1-2k doubly Cabbibo supr.)

(Yields are guesstimates based on yields in LHCb reopt TDR (cErN/LHCC 2003-040) for

topologically similar channels, and B.R.s) Details on 2body channels in LHCb-2005-066.
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event yields

Table 1: Examples of the LHCb physics reach in 2 fb™!. Branching ratios are products of
the E and D (Dr J ;" 1_,_.':]3..]'.1!‘.:1 e l:u:nr r;-'ll) rates into modes used in the simulation. Reactions
between two lines are used together.

Process Bx 107" # of Events B/S Parameter Erroror (Value)
B° — 7tx~ 4.8 26,000 <0.7 y 6°

B, -+ KTK~ 18.5 37,000 0.3

B, =+ D=KT 10 5,400 <1 9 14°

B, = Dfrn~ 120 80,000 0.3 Am (ps7!) (68)

B° =D (Kta )K" 1.2 3,400 <0.5 5 8°

B°— D (K =t)K** 0.2 200 =34

B° s DY KTK™ )K" 0.19 590 <29

B, = J/v¢ 31 120,000 <0D.3 @, 2°

B° — K*utyu~ 0.8 4400 <2
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Amplitude analysis
of B — (KTK ntn )poK:

U
MC input values: 7 =060" 6 =130° 75 =0.15

Fitting 100 toy experiment  Fitting |10k events:
Wlth I k events each: Result from a single toy experiment.

v = 6024 10° v = 64.6°£3.1°
0 = 128% £ 10° 0 = 132.5°+£3.1°
re = 15% + 2% rp = 15.0% =+ 07%

—H-.

mTO 5
2
-a- 60 0\&4\

2 |

\¢)
M’@ \

-150 100 -50 0 50 100 150

Y 32

o(y) ~ 107
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INOYIM ||B ‘Aueuiwipad ||y




Y from B — DK*

® Same idea as for charged B decays Cb performance
Here, K* tags beauty flavour. Iyear detailed study'

® To extract all unknowns, need to e 3.6k evts for
measure 3 decay rates: 'y, Iy
Iy = I'(B®—D%ntK™)K*)
[ = T(B2—=D(K'm )K?) e 0.52k evts for
I'ep = I'(B° — DZp(KTKT)K*) r T
_ T

e ..and their CP-conjugates I';,I'_, T'cp
e 0.31k evts for

® Extract Y from Lep,L'cp

F+:F_591, F_:f+592

_1_
FCP — g1 5 92 —I—\/gngCOS (A‘|—’7) o

iy e o(v) = 137 (For
I'cp = 912 2+\/9192€OS(A—7) v =652, A =0°)

More about the method in: Gronau, Wyler, Phys. Lett. B 265 (1991) 172; Dunietz, Phys. Lett. B 270 (1991) 75.
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Y fromB) — D¢K

® Extract Y from ... require excellent

Fast Bs oscillations....

time-dependent time resolution
2|c).4: ] -
decay rate g ; I % G, =35%2 fs (64%)
. E I ] N\ o,=68+3fs
asymmetries. Foaf 600 - most
. " U 1] 'l. | V
® Requires excellent o! / | | } |11 400
time resolution - R RY ' R } |
. . 02 [ i 200 -
VELO provides it. |
M '0'40:'H'015""4""1.‘5'”'é‘”‘z.‘sl‘”_s _().__x _NHHXHHM L -
® eee and tagglng. Proper time [ ps | 500 =200 ~100 0 treggotmezo([)fs] 500

Expect eD* ~ 6%
i.e. 100 Bs events at
LHCDb are worth
perfectly tagged
events.

~6  From Bs — DK we expect to achieve:

o(Y) =13°within | year for Am=17.3/ps
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