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WGV -y from B to charm decays:
what have we learnt?

1. The case for a very precise measurement of y
2. New results from well-established methods
3. New methods (since CKM2008)

4. Future prospects (LHCb and beyond)



Measuring vy with B to charm decays:

definitions

* vis extracted from the interference between b - c and b - u transitions in
decays of the B->DK family
— tree-level amplitudes only
— no penguin pollution, only one weak phase
— Other B and D hadronic parameters in game, including B and D strong phases

I'g = relative magnitude
of suppressed B-decay B-
amplitude over favoured

. DK—

u
/1

one

SB = B-decay strong

phase difference

rp and &y similarly
defined

T ‘ K- DYK—

Several clean methods to extract all unknowns from data
(use combinations of several D modes or input from charm studies )
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How clean is y from B to charm
decays?

Beyond the usual mantra:
Only tree-level amplitudes,
No theoretical uncertainties,
No NP contributions,
SM standard candle
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Theory errors: D-mixing

[Grossman, Soffer, JZ, 2005]
[Bondar, Poluektov, Vorobiev, arXiv 1004.2350]

* Assuming SM:

— D-mixing is CP conserving in SM, hence error on
v is small
* if D-mixing neglected -> error <1°

— Most importantly: D-mixing effects can be
included exactly if x; and y, precisely measured

NO irreducible uncertainty
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Theory errors: electroweak corrections

* Only contribution which can change CKM structure is from box diagrams

(<>

Shift in vy if different weak phase than leading order.
2 2

Largest shift: T oy e Vv g m
(&) V* * c A * ~ c A
k 16?’(2 Cb cs ' o8 US 2 |: B/( Cb us)i| 16?{2 2 B

irreducible theory error on y is
Oy/y~O(10-)

September 16-20, 2010 Stefania Ricciardi, STFC RAL 7




Current experimental precision

1.5 LNLINLEN AL B

excluded area has CL > 0.95

%] T T 1T I | ML EaL
. % 1 ,
- v ®) 1 = Errorstill very large
WL f 3 Amg& Amg . . .

' = |ndividual measurements more precise

A than CKM Fitter average

=  Anissue here?

= Not discussed at this workshop

= Consensus: larger data sample will reduce
disagreement between different statistical

L ; 1 treatments
1.0 — : € |

- [y 'CLZDK = Achieved precision much beyond B-
Ry~ factory design, thanks (mainly) to

[} = B-factories excellent performance
- +21 o
Y CKMEITTER = (71 _25) "=  GGSZ method (new on the scene at
CKM2003)

YUTFIT ~ 1 1—12 0 [ see A. Stocchi, Joint Session]

Smallest theoretical uncertainty but largest experimental error among all UT constraints!
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Results from well-established
methods

Vis <O
K-_
W 5 _

B~ ODO
1. Time-integrated methods mmp

=l

GLW : D to CP eigenstates

Gronau & London, PLB 253, 483 (1991);

Gronau & Wyler, PLB 265, 172 (1991)

ADS: D to pseudo-flavour specific states

Atwood, Dunietz, & Soni, PRL 78, 3257 (1997),

Atwood, Dunietz, & Soni, PRD 63, 036005 (2001)

GGSZ: D to 3-body decays

Giri, Grossman, Soffer, & Zupan, PRD 68, 054018 (2003)
Bondar, PRD 70, 072003 (2004)

2. Time-dependent methods

Several new results from B-factories and Tevatron
.... NO signs of “dusk”yet! On the contrary...
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id DTF
'pe
Atwood-Dunietz-Soni (ADS) method uses / DK\
Doubly Cabibbo suppressed decays to - ADS K'wv K

enhance -sensitive interference terms -
V03 o ?‘BE}MDKJ

5" =006 similar magnitudeto 7z = 0.1

(B~ = (K'm),K )= FB +(rD Y 4+ 215757 cos(0p +057 —¥)
[(B" = (KT ) K" ) o153 +(157 ) + 215157 cos(0p + 05" +7)

G_ﬂ(::!f“EiEI'ItS of interference tEI'I:'I'IE
Method can be extended to multibody similar order fo rest of expression

dECE‘y‘S, e.d., KTTTTTT: 8,7 Is the average strong phase difference over Dalitz space

B = (K'man),K)eeri+@E") +2r,1) Ocus(ﬂ 5” s

Coherence EMUE between 0 (incoherent) and 1 (2 body single amplitude limit)
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NEW!  FIRST evidence of suppressed ADS modes
B-— D(K*rm~)K and B*—> D(K't*)K* from Belle

PRELIMINARY

. . _ + -
Simultaneous Fit for B2 [K'n|ph™  772m6e8
» Projections for h=K . DK DK”
in signal regions are shown. Dh: shape from SE e
NB > 0.5 & Calib. mode {data}\.
. ; 20 N
|AE| < 0.04 GeV 3"
lg 10 '
» The results (R in 102) are oo
33 0 ;1{3‘:!1“} 0z o3 /.qu O
Rpr =1.62 % [}_42(5{;&’5)__"3'%3(5}@(;) D fake rate fixed to
—I;U' 06 w result on Calib, mode.
ADK = —0.39 = U'QS(Sta't)—D-.ﬂil (S}Tgt) 35 Dh: shape from _ | a5
bt Calib. mode (data). [~y 20} ) from MC
» First evidence is obtained 3 : N %,:..:' jj;:iﬁ:
with a significance 3.80 § - E st 8
(including syst). 10 10
5 5
o o

L 1
0.5 0 05 1
Se| NB



NEW

ADS results from CDF (5 fb)

» This supplements recently published first GLW analysis in
hadron collisions within a CDF global program to measure
angle gamma from trees.

Yield (B — Dy.K) = 34 + 14 (5 fb-!) Significance for all DCS

Yield (B — Dpeen)

73 + 16 (5 fb_l) Signﬂl (DDCS:E + DDCSK) > 5 (8)

+ 0 + [ - +] + - 0 - [ + —] -
— —_ —_— —_
B D% m— [K ] m B-— D% m— [K* w] @
COF Run Il Preliminary L =5 fb! COF Run Il Preliminary L =5 fb!
r-.?f 355 : +5°M3:=" = [K a¥] == ':E 35; I e (SE S E S
E 30— +— Data E aof- —+— Data
- Total = Total
= sE C e B = b CJ & ~Opeyn
E = ED o~ Dk g = Es Opes K
- — g =0 x - ——— B8 -=Da
g 20 — B K £ 20 —— 8 ~Kaa
[ BN 5 -oreT, e F B 5D ey,
@& 15 B - D, D' X w 15 D, D" X
B e -0k, o DK, 0P = X

10— - 10 Combinatorial background

5 ; ........ 5 E

0="520 525 530 535 540 545 550 555 560 0=520 525 530 535 540 545 550 555 550

K*xx* mass [GeV/e?] K*rx* mass [GeV/c?]

= =
£ -
E' =
§ :? 3 g?—-'.—h*-‘-'l—'\—-———“-‘
= s 5.20 525 5.30 5.35 5.40 5.45 5.50 5.55 5.60 = 5.20 5.25 5.30 535 5.40 5.45 5.50 5.55 5.60
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=

N(B~ = DYk B+ DY oK)

. )+ M
Raps(K) = -
ans(K) N(B~ = Dgpk™) + N(BT = DgpK™)
Aaps(K) = N(B = Djogk )= N(B' = D)gk')
aps(K) = N(B~ = D0k ) + N(Bt — DU KT)

Results |

R, () =0.0041 + 0.0008(star) = 0.0004(sys?)
A, po(m) =0.22 £0.18(star) = 0.06(syst)

R ps(K) =0.0225 +0.0084(star) +0.0079(syst)
A, (K) =-0.63 £0.40(stat) £ 0.23(syst)

* First measurement of A,y and R, at a hadron collider.
+ Agrees with previous measurements from other experiments.

Al LT LY
BABAR mariooicn +———— 000330 = 000060 = 000040 BABAR warmmi [ 00110 = 00060 = 0.0020
Belle rcewmm Coe e 0.00328 = 000037 0002 Belle v . 00162 = 00042 +DA01S
COF Il jomesourresgn —_—— 000410 = 000050 = 000040 CDF I oo c-saan L 00225 + 00084 = 00079
AVIG ooy 000340 = 0.00040 AVG  mervioiecy e 00090 = 00050
00z~ 0.003  0.004 D005 002 401 0 001 002 003 004
Aypsl=) A nslK)
BABAR.xmsasyy ———— 003 =0.17=0.04 BABAR i) s 086 +047 3::,115
+( .01
Belle v e 004 20117 s Belle cowu —.— 039 £ 036 ?{?f

c DF “ AN 2070w S 0y
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Time-integrated y at BaBar

GLW, ADS, and GGSZ measurements updated recently using full
Y(4S) data set (468M BB pairs)

Measurement CKM 2008 CKM 2010 changes
N(BE) pub. status N(BB) pub. status g
FRD 78, 034023 arXiv:1005.1096 | updated Dalitz= model
oK) : P AT mocss,
GGSZ DK 383M (2008) 468M accepted by PRL | 2dded DK [D—kekk)
PRD 77, 111102 arXiv:1007.0504 | improved fit technigus,
0
GLW DK 382M {2008) 467M accepted bv PBD | added CL scancof ¥
PRD 72, 032004 arXiv:1006.4241 improved fit tachnigue,
0 . - o
ADS DK 232M (2005) 467M submitted 1o PRD betterc:.:’cl_:m:.;t:ﬁmmﬂnval,um,
GGSZ 4
'
—— 50K
I+ | i_ Y - o : g (0,0)
0.2 T il 0.2 f o
+Y | \ ) I XY - d=2rg|siny|=0
I . '| - =direct CPV
oF---- A - o~
----- X y Significance:
X4,V o - B—DK: 2.7c
o2 | 0 XLy B—D*K: 2.8c
L i L1 , A R T SR L | Ll E—DK* 1.9c
02 0 0.2 x.) 0.2 0 0.2 x 0.2 0 0.2 X, combined: 3.50
39.3% and 86.5% 2D CL contours 12
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Reminder: GGSZ or “Dalitz” method

= Exploits different interference pattern in the two D to K;nrt Dalitz plot (from B* and B-)
= CLASSIC APPROACH : amplitude fit to the B event densities in the D Dalitz plots

[

i, BDKT DK DP
L FlEanDKst L for B+ and B-

s. (GeVc?)
ha

Analysis main
ingredients

s, (GeVZ¥ch

L Il Il L | i 8§
0.5 1 15 2 25 3
m? (GeVZ/c')

A(Bir —> D(Ks7Z'7Z') Ki) oC f(m;, mi)"' rBei(aBiy) f (m¢' mJ_r)

» D-decay amplitude determined from a flavour-tagged sample from D** ->DO%x* using model assumptions
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GGSZ results from Belle and
BaBar on full data set

g = 78.4° T10-87 4 3 6°(syst) + 8.9°(model)

657M BB
A. Poluektov et al., PRD 81, 112002 (2010) D(Kmrm)K
“y(deIS{}G) — (68 - 14 T 4 1 3)G
468M BB
stat syst model DK TK
D(K.KK)K

Still dominated by statistical error.

Improved model and much reduced model error from BaBar: 3 degrees.

Still model error hard to quantify .Will limit the precision of future high-statistics
measurements using this method
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From “classic” to “modern” art:
model mdependent methods

[GGSZ, PRD 68(2003)054018,
Bondar&Poluektov, EPJ C 47(2006)
347, EPJ C55 (2008) 51]

s (GeV¥c') BaBar 1005.1096 s, (GeV%c?

ase Bins . - Dﬂav é Ks T
CLEO-c sf N\ fromD* Dr
Binned ¢, 3 _

Binned fit, no model assumptions: uses instead external
binned information on oy from CLEO-c
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SPRADLIN
CLEO-c results on o

CLEO-c has measured the strong phase differen
of DO decays to Kg, T and Kg KK in bins of
expected strong phase

Toy studies estimate uncertainty on potential
measurement of y/o, at LHCb from CLEO-c
precision:
Kg T - 1.7-3.9"systematic (varies with bin choice)
Estimated LHCDb statistical uncertainties:
~15.0°with 2 fb-!, ~7°with 10 fb - :
Kg KK : 3.1-4.5"systematic (varies with bin choice) ‘
BaBar arXiv:1005.1096 [hep-ex] indicates that K:KK has
the same per-event sensitivity as Kt

Current precision sufficient for LHCb, but improved
BESIII precision needed for Belle II/LHCb Upgrade

CLEO-c: See talk by Stefania Ricciardi

Belle Il predicts 2°with 50 ab ' of K 1rmr oo
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Results from well-established
methods — Part Il

.  Time-integrated methods

II. Time-dependent methods

Sensitive to sin(2f, +v) via interference in decay w and w/o mixing.

More results from B-factories...




Time-dependent at BaBar

"Comprehensive review

*One on-going analysis B® ?DOCIK,

=Several published measurements (to be updated to full data sample)
1) Partial Reconstruction of B to D**r" (BaBar, PRD, 2005)

2) Full Reconstruction of B to D")*r-and D*p- (BaBar, PRD, 2006)
3) Dalitz plot analysis of B%->D*K%rt- (BaBar, PRD, 2008)

Favored: V4 ~ 0.04 Suppressed: V,p ~ 0.004

f d ; c D
11' — u LI_" — (f
o b fﬁ
B ] {——————d

T+
D (]

B{]

Extraction of sin(23+y) from 2) and 3) requires external constraint on r = ratio of
suppressed over favoured amplitude (very small)

- = 0.004
r= \/H{Bﬂ—yﬂ*—wﬂ rg; tan(f¢) = 0.015% jor + 30%

=30% systematic to account from SU(3) breaking and factorization
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Time-dependent: Belle

* Two recent results for Ry«
1. Using isospin relations (Belle, PRL 2008)

- BB — D* @)

R = \/-.—,,ﬂ 2BBT — D ) [ R,. < 0.051(90% C.L) J

Dominated by statistical error on BF(B >D*n°) (UL)
2.  Using SU(3) flavour symmetry assumptions

»\ |B(B"— D¥t 7
Rpy = tanﬁ'c('fn )J {' ; )

[p:/NB(B*— D*" 7™")
Ry« = 1.58+0.15£0.10+0.03% PRDS1(2010)031101
stat. syst. th. error
Rp,=1.71£0.11£0.09£0.02% arXiv:1007.34619

stat. syst. th. error

Most precise determinations but possible non-factorizable SU(3) breaking
effects not completely accounted for in theory errors
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Time-dependent: B.-> DK at LHCb

| 1 mWry K - m@B" 1> 40 MeV/c? | .
The golden mode is A Time-dependent
Bs+DsK because of the 2 Freiminary | Fast Bs oscillations
much larger interference §w_ pere Important:
. w ' = 0.077 .
than in the Bs modes : <op> ps - proper time
1K ok resolution
orb c Taggin
B/ {s S 1D; i lHﬂhLmu 1 'agging |
- e ekl eemenmimny - Simultaneous fit to
B”‘{E M%}% " B, - D,r control
s ot Bs->DsIT sample
—_ S e
Te] ]
® s LHCb Msgnst = 652 £11 ]
-~ C Preliminary My = 5356.6: 4.8 MeV 7
ﬂ r Gause = 26 k3.3 MeV
Bs;+Dsm @LHCb2011 ~= 67 k £ 4op NE = ”E“Data
= C
(] -

20
From MC sensitivity to y is .
10° with 6k Bs»DsK : we “3'

should not be far off this! “ . 1
5000 5500

Expect 6,,..(y)~10 ° with 1/fb at LHCb(2011) mass (MeV/c?)

|
ED
B.+DsK @LHCb2°1l ~= 5,6 k %4& \

%
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New methods for the
measurement of y
1. B> DK*n-
2. B.> D¢
3. B.>J/yo
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Reminder: y from B® ->DO%K™

+

The neutral analog of B* — D(hh)K=, the decays B® — D(hh)K*°, can
also be used to determine ~ due to the interference b/t amplitudes where
the D/D decay to the same final state.

d d d d

Good: both diagrams are color suppressed (rgo & 3 x rg+); increased
interference increases the sensitivity on ~.

Bad: the K™ interferes w/ the B — DK background; effective
hadronic parameters must be introduced (reduces sensitivity).

September 16-20, 2010 Stefania Ricciardi, STFC RAL
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Another powerful Dalitz plot analysis

B> DK*n~ and prospects at LHCb

Gershon,2008
'8 N Gershon and Williams, 2009

EprOItS resonance structure in “| K *w02) Bt - D'Ktx~ Gershon and Poluektov,2009
the Dalitz plot from the self-

tagged B? multibody decay

o, |(2t\"‘l

m

IS. ’ fﬁo(l 430)
® contains flavor specific

D3~ (2460)  D°x~ jr J—
® interf. with other resonances !
(e.g. B —= DK") gives y T
 Gershon, Williams, 0909.1405 mf., (GeV) j

® many choices for D —f still

® equivalent of GLW does not need CP-odd D —Ksr?

decays (that 1s difficult for LHCD) | gxpect 6, (y)~11° with 1/fb at LHCb(2011 )
J.Zupan The case for measuring gamma . 5 cx Estimated with assumptions on the DP model
to be assessed on early LHCb data [measure
branching ratios of main resonance
components ]
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Exploiting B, production at LHCb:
y from B, ->D¢ (untagged)

The strange analog of BY — DK*?, the decays Bs — D¢, can also be used
to determine ~ using the GLW/ADS method.

b c
D(J Dt)
u C
5 HleL< & iLH“<
] s

5
L1

Large CP asymmetry, very small background

Expected vields in 1 fb~1 @ 7 TeV (2011 running)
Bs + Bs — Drav¢ | Bs + Bs — D(K3ﬂ)¢‘ Bs + Bs — DCP—I—E?I?
~ 200 ~ 200 ~ 25

Expec(see CERN-LHCB-PUB-2010-005)

Including Al corrections (from Zupan)

Stefania Ricciardi, STFC RAL
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Another decay with a promising physics potential:

B. >J/v K. (time-dependent)

[R.F., Eur. Phys. J. C 10 (1990) 299 [arXiv:hep-ph/0003455]]

[
U-spin partner of the “golden” ¢ 1) coloursinget { "'_hl'”"'| /0
By >/ K, . ST S A
A —Y e n %u.f:l\r\
BY || w <y Bl || p N4
Sensitivity to y from interference PR AN R NN
between tree and penguin ks N Es
s~ s~

( suppressed for B, but not for B,)

With assumption on U-spin
flavour symmetry

v and penguin decay parameters
(a,0) can be extracted

/~ N\
;ﬂBﬂﬁJﬁdﬁ):—AA}—&f%ip

() 4 (1)
."11_-; - ."1.1_-; ]
(o) | 4le) _ 4(t)

‘{T -I_ "'11_-. - "'11_-;

A= NA|AD 140 - AD], e = R,

V ub

2
AE“‘;HE)\E. Rj_-.E (l—i)l -
' “!ab

2)A
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B. >J/ v K.: feasibility studies at LHCb

Contours in the v—a plane: [6fb™! and 50 fb™!]

R.Fleischer in collaboration
— with P.Koppenburg

| 2 If

oo & | 09 ¥
o 5 o8- & and K. De Bruyn
0.7} 0.7
0.6] 0.6/
@ 05 : @ 05
0.4/ [ 0.4/
03 03
0.2 0.2}
1] —— 0.1} (———
%720 30 60 §0 100 120 140 160 180 %20 30 60 50 100 120 150 160 180
Y [deg] Y [deg]

MNumerical results: [only statistical sensitivity]

v = (65.0 £ 7.4)%
~ = (65.0£3.3)°,

a=0.410 4 0.060, 6 = (194 + 13)°,
= 0.41040.024, 6 = (194.0+4.3)°.

Our LHCb feasibility study shows:

— The B, 4 — J/¥Ks strategy offers another extraction of .

— The major application will be the control of the penguin effects in
(sin2f3) j/y ks, Which will allow us to match the experimental precision:

— may eventually allow us to resolve NP in B}-BY mixing.
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Visions for the next decade and
beyond



Comparison on experimental reach

75 ab™

SuperB -
50 ab™

SuperKEKB —
1 fb™ 5.6 fb™ 50-100 fb™
]
2010 2012 2014 2016 2018 2020
Year

LHCb —

LHCb: 20 x 102 produced BB pairs
detection efficiency < 1%.

B/S typically O(1)

SuperB: 50 x 10° produced BB pairs
detection efficiency O(100%)
clean signals

September 16-20, 2010 Stefania Ricciardi, STFC RAL
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‘Super-y’ (~2020 AD)

@ Various independent methods should allow for |~ 1 — 39 measurement
with SuperB and upgraded LHCb:

o ADS + GLW modes

o B — D(Ksmm)K Dalitz analysis
o Self-tagging B® — DK modes
@ B; — D<K (LHCb only)

@ Overall, LHCb sensitivity with 50 fb~1 potentially looks better than
that of SuperB, but higher backgrounds can reduce it. SuperB is
more stable against "unlucky” parameter combinations when the
sensitivity can be significantly reduced.

@ Having a large (~ 10-20 fb~!) sample at charm threshold is desirable
for an efficient use of B data:

@ Significant fraction of BES-III sample.
@ Dedicated charm-tau factory.
@ SuperB operated at low energy.
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Back to near future: 2010-2012

By 2012 (next CKM?) expect to hear new exciting results ony from B to
charm decays from experiments at hadron colliders:
* CDF has demonstrated capability of hadron colliders with B to

charm decays
= New ADS/GLW results (5/fb) results competitive with B-factories
= Exploration continues, double data-set by 2011 (Expect 10-12/fb)

"HCb expects o(y)<10° degrees by end 2011, several promising
measurements (~1/fb at 7TeV)

=Excellent tracking, PID and trigger performance for these multi-
hadron decay modes demonstrated with <1/pb of data collected and
analysed this summer
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1u++ r | TL T %-

TS S

5450
m, (MeV)

— T T T T T T T T T T T T T T T T T T T T T T T T T T T
" -
ﬂ -
= 45 LHC_b : B*->D(Kr)r, ~300 nb? =
v Preliminary | E
= 40F /s =7 TeV Data Nyjgna = 117 % 12 =
£ 35 m = (5269.2 + 12.0) MeV E
o o, = (23 + 3) MeV =
W 30 E

25 —E

20 ‘ \ _E

P .
ﬂﬁﬂ 5200 5250 5300 5350

Similar significance expected for the “suppressed” ADS mode (B—>DK) at LHCb
with 3 order of magnitude larger data sample by the end of 2011
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