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y from trees

Y Keks'urements: the present
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m yis least well measured angle in unitarity triangle
m avg. from dir. meas.: y = 66 + 12° (CKMfitter Winter 2012, prel.)
m needed for NP predictions, SM value can be measured from tree-level
decays
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y from trees

y MmeasUrements from tree decays

m involve measuring interference between two decay paths, one

. . V dV*
involves V,;, since y = ar (_ u ub)
ubs y g Vch:b
Vud Vs Vub 1- AZ/Z A AA3(p —in)
Vekm =\ Va Ve Va ) = ( -1 1-1%/2 AN? + 0(/14)
Via Vis Vip AAS(I_P_M) _AN2 1
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y from trees

y Kekslurements from tree decays: methods

m time-integrated methods

+ just need to determine yields
- high yield modes: interference term surpressed by rz, O(rg) ~ 0.1- 0.2
m until now 3 methods exploited:
m Gronau, London, Wyler (GLW)
[Phys. Lett. B 253,483 (1991), Phys. Lett. B 265, 172 (1991)]
m Atwood, Dunietz, Soni (ADS)
[Phys. Rev. Lett. 78, 3257 (1997), Phys. Rev. D 63, 036005 (2001)]
m Giri, Grossman, Soffer, Zupan (GGSZ/Dalitz)
[Phys. Rev. D. 68, 054018 (2003)]
m will illustrate each with one specific channel, others are possible
m time-dependent methods

- needs more complicated time-dep. analysis, flavour tagging

m eg.time-dependent B°(B?) — DFK*
as suggested by Aleksan, Dunietz, Kayser [Z. Phys. C, 54 (1992), p. 653],
Fleischer [arXiv:hep-ph/0304027v2]
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y from trees

GK\/Hethod: D to CP eigenstate (7"~ or K*K")
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m (B — ("7 )poK7) ~ 1+ 15 + 2rgcos(8p ¥ y)

m 2 observables:

[(B"—(n"n )oK )-T(B*—(n"n)poK*) _ 2rgsindpsiny

T(B-—>(n* 7)o K )+T(B*—>(n* 1) poK*) ~ 1+r2+2r cos 8cosy

[(B”—(n"n ) oK )+T(B* —(n*n") oK*)
I'(B-—>D°K-)+T(B*—>D°K*)

m 3 unknowns (rg, 3, y)

== need to combine with other method(s)
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y from trees

A& ’ﬁlethod: DY — Kn
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m 4 decay rates:
m [(B" — (K¥7%*)poK™) ~ 1+ (rrp)? + 2rprp cos(8p — OK™ + y)
B (BT — (K*77)poK™) ~ 1} +r} + 2rgrp cos(8p + 057 F y)

m 2 observables:

= A _ IT(B—(K*'n7)po K )-T(B*—(K ") 0K") _ 2rprp sin(8p+8")sin y
ADS = T(B=— (KT~ ) po K )+ (B* — (K- 7" ) joKT) ~ r3+13+2rprp cos(0p+05" )cos y
I'(B"—(K"'n7) 0K )-T(B*— (K" n") K"
B Rups = ( ( Jpo K7)-I( ( oo )=r§+r§)+2rgrpcos(63+6§”)cosy

F(B‘—>(K‘7T+)D0K‘)+F(B+—>(K+n‘)D0K*)
m 3 unknowns shared with GLW (g, 83, y), 2 new ones (rp, 65”)
= need input on rp, 657, and combine with other method(s)
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y from trees

Lllﬁdjnalysis of B+ — D(h*h™)h* decays (h = 7, K)

m crucial inputs: tracking, PID

m simult. fit to 16 indep. data samples: B* (2), bachelor ID (2: K or 7),
D decay mode (4: K fav., Kz suppr., nmr, KK)

m extremely clean, K/z misid can be fitted for
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y from trees

Lllﬁdjnalysis of B+ — D(h*h™)h* decays (h = 7, K)

m extremely clean, K/m misid can be fitted for

m all modes with very low combinatorial background
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y from trees

Lllﬁdjnalysis of B+ — D(h*h™)h* decays (h = 7, K)

m extremely clean, K/z misid can be fitted for

m all modes with very low combinatorial background
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y from trees

Lllﬁdjnalysis of B+ — D(h*h™)h* decays (h = 7, K)
m observe ADS mode (B* — DK#*) with 100 significance
m visibly asymmetric

m B* - DK* shows 4.00 evidence of CPV (consistent w. other experiments)
m B* - Dr* shows hint of pos. asym. (2.40)
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y from trees

A!ﬁ/hlw results summary: “DK" (1/3)

R, s Averages E
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fa)
| Belle : 0.40 £ 4020
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ﬁ PRD 80 (2009) 0920{fT H OE PRD 84 (2011) 012002 1=K o
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2 -1 0 1 008 -006 -004 002 O 002 004 006 008 0.1

m where available, LHCb results are most precise measurements
m Bfactories dominating in other modes
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y from trees

IIDKII (1 /3)

A!ﬁ/hlw results summary
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m where available, LHCb results are most precise measurements
m Bfactories dominating in other modes

Manuel Schiller (Nikhef/VU A’da

FPCP 2012, Hefei, China May 22th, 2012

12/29 ek



y from trees

A!ﬁ/hlw results summary “Dn"(2/3)
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m where available, LHCb results are most precise measurements

m B factories dominating in other modes
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y from trees

A!ﬁ/hlw results summary

A, ps Averages E
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m where available, LHCb results are most precise measurements

m B factories dominating in other modes
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y from trees

A!ﬁ/hlw results summary (3/3)

A p Averages @ R, Averages E

PRELIMINARY PRELIMINARY

BaBar pee 0.25+0.06 £ 0.02 BaBar e 1.18 £0.09 + 0.05
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< Average -0.23+0.22 < Average ﬁ:j 1.03 +0.30
P P ; ) 5

m where available, LHCb results are most precise measurements

m Bfactories dominating in other modes
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y from trees

A!ﬁ/hlw results summary (3/3)

A p Averages @ R, Averages E

PRELIMINARY PRELIMINARY
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< CDF H— 0.39+0.17 £ 0.04 < CDF * 1.30£0.24+0.12

S [iHoo - 0.14+ 6,03 0.01| S [LHép } 1.01%0.04 0.01]

Average ™ 0.19+0.03 Average 1.03+0.03

& [BaBar B -0,09t0.0710,02| ’I%; BaBar I 1.07:0,08t0.04|

x [Belle Jies -0.12+ 0.06 + 0.01 x [Belle b 1.13£0.09 + 0.05

o% Average el -0.11 £0.05 D& Average - 1.10£0.07

& [BaBar ] -0.11 tQ.0910.01| S [BaBar e 1.31 :0v1310.03|

x Belle * -0.20 + (.22 + 0.04) x Belle e 1.41+0.25+0.06

F\% Average Hh -0.12+0.08 ;‘& Average e 1.33+0.12

<% BaBar ke 0.06 + .1010.02| S [BaBar ‘-b 1.09£0.12+0.04
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m where available, LHCb results are most precise measurements
m Bfactories dominating in other modes
FPCP 2012, Hefei, China May 22th, 2012 16/29 &l



y from trees

&682/Dalitz method: D° — Kn*m

Vis

’ Vi 5
w /< u - = d
, u 2 2 w* s d

’ Ap f(mi,mZ) Ve 3

b ———>— ¢ d 7 s
Vb ¢ d
7 7 B_ — DOK_ N u i
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L . o (Kgn*n)pK ) ;
N - 0 - < d

-\ C —_—> — RS
W B D°K= ~ W :
e aprpdBT) fm2m%) ‘ d

u u u u

m D decay amplitude f(m?, m?) depends only on Dalitz variables
m; = (P + P )’

m[(B— (K{n*n )pK™) ~
[f (m, m2) + e OV f (m2, )

== need D decay model or measurement of density g
and phase over Dalitz plane (charm factories) g e
m fitforx, = rgcos(y £ 8p), y. = rpsin(y = 3p) 1 R -
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y from trees

G!'sﬂ-r'esults

m (still) dominated by B factories
m BaBar and Belle have both put out model-dependent analyses:

+ woo st
Dy K x vsy, FE Dy K x, vsy, FEE Dy K x, vy, [FEE
‘

y PRECWINARY Y PRECWINARY Y+ PRELIINARY
&Y BaBarB*
04 08 Belle B* |
02 1 BaBar B
Belle B*
01 0.2 0.4 Bl Averages -
: : Y .
-01 BaBar B* | 02 Y BaBarB® |
Belle B* Belle B*
02 E BaBarB | BaBar B’
- [ Belle B* Belle B*
B Averages 04 Averages |
02 01 0 01 02 -0.4 0.2 0 02 0.4 -0.8 0.4 0 0.4 08
x x x
Contours give -2A(1n L) = Ax” = 1, corresponding to 60.7% CL for 2 dof Contours give -24(In L) = Ax” = 1, corresponding to 60.7% CL for 2 dof Contours give -2A(In L) = A® = 1, corresponding to 60.7% CL for 2 dof *

m in [arXiv:1204.6561], Belle have put out a model-independent analysis of
B~ — D(Kdnm)K~
m x, = —0.110 + 0.043 + 0.014 + 0.007, y, = —0.050%3-922 + 0.011 + 0.007
m x_ =0.095+ 0.045 + 0.014 + 0.010, y_ = 0.13775-023 + 0.015 + 0.023
(uncertainties: stat., syst., uncertainty due to strong phase from D decay)
m resultsiny = (77.37134 £ 4.1+ 4.3)°
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y from trees

inKJJﬁ'ce of GLW/ADS/GGSZ results on y
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m most precise determination of GLW/ADS obs. does not translate
directly into most precise y meas.
m value of y depends on true values of rg, strong phases
— GLWY/ADS results alone not sufficient to resolve ambiguities in y

— need input from many methods to pin down y
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y from trees

a Ka‘rc'e into the future

m see 3 main roads to improve knowledge of y
m time-dependent analyses, e.g. B, — DfK*

m classical methods (ADS/GLW/GGSZ)

m more data:
LHCb 2011 data sample: ~ 1.1/fb
expect total of 2.5/fb collected by LHCb by end of 2012
m more channels (e.g. B* — D(KJh*h™)h*, B — D(h*h™)K™)

m multibody final states
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y from trees

tiKeJa'!ependent BY — DK

m interference between mixing and decay:

b———10 1 Ap w ,’< 5

T B—B] S AR
DyK*

feee o BB A -

g , e gy ei(0Y) b 47/7;& u

m not colour-surpessed: (rp,/rg) ~ 5—10 = large interferénce
m weak phases y, ¢, (mixing), strong phase §
B sensitive to y + ¢, but ¢; measured to be small effect e [tHco-conr2012-002)
m measure 4 decay rates: T'(BY — DgK*), T'(BY — D{K"),
I'(BY — DgK*),T(BY — D{K")
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y from trees

tiKeJa'!ependent BY — DK

m need good proper time resolution: ~50 fs to resolve B; oscillation
m flavour tagqging: [L+ce-conr-2011-050]

m opposite side tagger eD? = 3.2 + 0.8%

m additional power from same side tagger

=
m first steps towards time-dep. ; 16 1. z
measurement of y taken * E E;
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m have high yield mode B — D, for = *f | wons | 2
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m large AT,/T; ~ 0.176 makes untagged Sl P Eg%bﬁ” ;E %
events more valuable [LHcb-conr2012-002] ) X ' 2 a
=500 sa00 5600 38005 g

m(DTh) [MeV/i?] T

Manuel Schiller (Nikhef/VU A’dam) FPCP 2012, Hefei, China May 22th, 2012 22/29 M



y from trees

n‘&tlﬁady final states

e —+-LHCb Data
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m two main ideas =y Ekmms | 5 S
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m eg. B’ — Da K™ [arXiv:0810.2706v3, arXiv:0909.1495v2]
H eg. Ag — Dph (h = K, 7) [LHCb-CONF-2011-036]

N 5400 - 560 5800 6000
b Ve c b Vup u M(D%pr) (MeV/c®) A

33/pb, 754 + 37 events
[LHCb-CONF-2011-036]

Random bkg.

L, = 333pb"

5400 5600

Events / (15 MeV/c?)
Py
3

Yy
Yy

/pb, 92 + 15 events
HCb-CONF-2011-036]

5800 6000™M
M(D°pK) (MeV/ich) A —.

Manuel Schiller (Nikhef/VU A’dam) FPCP 2012, Hefei, China May 22th, 2012 23/29 M



y from trees

summary

m along series of beautiful measurements by the B-factories and
Tevatron has brought our knowledge of y to what it is today
m a new era of y measurements is starting at LHCb
m new measurement of ADS/GLW parameters published

B ~ 100 observation of the suppressed mode B* — (n*K")pK*
B 5.80 observation of CPV in B* — DK* (all modes combined)

m analyses for other modes (GGSZ, TD B; — DK, . . . ) are in progress
— stay tuned. ..

m different modes/analysis techniques are complementary

m no single method dominates precision [arxiv:1101.0134v1], [arxiv:1101 4502v1]
m precision will arise from combination of methods

m exciting times ahead
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backup slides

y:lgrl.?c't measurements vs. sides

= “ E = “ % %
o ; : E
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2012 (prel.)., no angles 2012 (prel.)., only angles

m some tension between sides-only/angles-only fits

m better knowledge of y useful to learn what is going on
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Ckg’hh'(er: 2011 vs. 2012
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m avg. from dir. meas.: y = (681Y)° (CKMfitter Summer 2011)
m avg. from dir. meas.: y = (66 + 12)° (CKMfitter Winter 2012, prel.)
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leh'(er, UTfit
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m avg. from dir. meas.: y = 66 + 12° (CKMfitter Winter 2012, prel.)
m avg. from dir. meas.: y = 75.9 + 9.1° (UTfit, Summer 2011, post-LP11)
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G&ﬂtyle y measurement at LHCb

m channel: B~ — D(KJh*h™)K~
m low K reconstruction efficiency due to
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