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Introduction to LHCb y program

*Two groups of y measurements at LHCDb

* Tree level processes discussed here

* Loop processes

» See following talk by Denis Derkach

*Strengths of LHCD for vy
« High bb production rate

e Combat low rates of b — u transitions

 Excellent PID from 2 RICHs

» Separate Kand

« Excellent proper time resolution

* Required for time dependent analyses
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Yy from trees - principle .

Interference of b — u and b — ¢ amplitudes - Vud Jb

e Theoretically clean — vy the only weak phase Ved cb

Ag, A,: Amplitudes  r, r: Suppression factors 6, 8,: Strong phase difference
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Time independent methods
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Time independent - GLW

GLW method [Phys. Lett. B 253, 483 (1991), Phys. Lett. B 265, 172 (1991)]

* Previously used at B-factories and Tevatron DOK-
» For D decays to CP eigenstates B- K-K+)_ K-
e For example K*'K-and 1 ( )D
DOK-

 Two observables

A B F(B_ — Dcpj:K_) — F(B+ — DCP:EK-i_) B +2rp sin d g sin 7y
“PETI(B- = Depe K-)+T(BT = DepeK*) 14 1% 4 2rg cosdp cosy
[ (B~ — DepiK-)+ T (BY = Depr K+
Ropy = ( cp=KT) + T crK7) =1 —H”JQB + 2rp cosdp cos 7y

['(B-— D'K-)+T (Bt — DVKT)

3 “unknowns” r, 0, and vy
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B — D(1T+'IT')h' [Physics Letters B 712 (2012), pp. 203-212]

o

Events / ( 5 MeV/c2?)

Time independent — GLW @ LHCDb

e Where h=KorTr

— DK, , partially reconstructed decays and the full fit
30— | | | | | | | | | | | —
LHCb LHCb
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Time independent — GLW @ LHCDb

B — D(K+ K)h [Physics Letters B 712 (2012), pp. 203-212]

e Whereh=Kor1r

B — DK, dashed A, — A\ h, partially reconstructed decays and the full fit
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Time independent — GLW @ LHCDb

B-— D(h*h )h- GLW summary

« World's most precise measurements of A_,, and R,

ACP Averages E Rep Averages @

PRELIMINARY PRELIMINARY

BaBar = + " 0.25+ (.06 + 0.02 BaBar 1.18+0.09 + 0.05

S Belle l 0.29 + 0.06 £ 0.02 < Belle 1.03 + 0.07 + 0.03
N; ¢DF H—*—' 0.39+0.17 + 0.04 < CDF 1.30+0.24 £0.12
S LHCb Loy 0.14 +0.03 £ 0.01 & LHGb 1.01+0.04 +0.01
Average O F 0.19+0.03 Ave[rage 1.03+0.03

B factories still dominating the other GLW modes

» Look out for future results from LHCDb:
e BY — DK™
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Time independent - ADS

«ADS method [Phys. Rev. Lett. 78, 3257 (1997), Phys. Rev. D 63, 036005 (2001)]

DOK-
* Previously used at B-factories and Tevatron B- < > (K1) K-
D
DOoK-

* For D decays to flavour specific states

* For example Kr:
e D — K1t (CF) and D° — K*1r (DCS)

D°K-
» Suppressed B decay balanced by DCS D decay B- < > (K*'IT') K-
D
DOK-

Two observables

2rprp sin(dp +0p) sin(y)
T%J + r% + 2rgrp cos(dp + 0p) cos(y)

Asps =

Raps = ?% + T?B + 2rprp cos(dp +dp) cos(v)

« Same 3 “unknowns” r_, &, and y plus 2 more: r, and 0,

« 2 extras are known from CLEO-c experiment [arxiv:1101.4855]
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Time independent — ADS @ LHCDb

B — D(K'IT)h [Physics Letters B 712 (2012), pp. 203-212]
e Whereh=Kor T

B —

DK, , partially reconstructed decays and the full fit
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Time independent — ADS @ LHCDb

B — D(K'IT)h [Physics Letters B 712 (2012), pp. 203-212]

e Whereh=Kor1r

B — DK, partially reconstructed decays (dashed B, — DKrr) and the full fit
= || 4o evidence of CPV e | LHCb  _
=
> B*S['K] KT
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Time independent — ADS @ LHCDb

B~ — D(Km)h- ADS summary

« World's most precise measurements of A .. and R, .

A, s Averages E R, 5 Averages E

PRELIMINARY PRELIMINARY
BaBar ? -0.86 + 0.47 )1 ’ ‘BaBar ’ v gl - '0.011 £0.006 +0.002
5 0.16
PRD 82 (201 opp;*ﬁos : PRD 82 (2010) 072006 :
Belle : A 5 -0.39 28 00 Belle ; 0.016 + 0.004 +0.001
> PRL 106 (2011} 231803 : D v PRL 106 (2011) 231803 |
B CDF : i) 5 -0.82 + 0.44 + 0.09 B CDF 0.022 + 0.009 +0.003
!| PRD 34'(—542011);191 = 5 ; 5‘| PRD 84 (2011) 091504
0 LHCb ' i : 052+ 0.15 + 0.02 a LHCb 0.015 +0.002 +0.000
arXiv:1203.3662 E arXiv:1203.3662
' 054+ Average 0.015 +0.002
ﬁ;fferage 0.5?4 +0.12 A P
BaBar 0.03 +0.17 + 0.04 ' ‘BaBar ' E 0.0033 +0.0006 + 0.0004
PRD 8 (2010) 072006 : PRD 82 (2010) 072006 : ;
Belle 10.04+0.11 108 Belle s 0.0033 + 0.0004 *5:5002
B PRL 106 (2011) 231803 : e PRL 106 (2011) 231803 ! -
= CDF: 0.13+0.25 +0.02 B CDF 5 1 0.0028 +0.0007 + 0.0004
!| PRD 84 (2011) 091504 : !| PRD 84 (2011) 091504 ! =k 1|
a LHCb 0.14 +0.06 +0.01 = LHCb \., 0.0041+0.0003 + 0.0001
ar}(iv:15203.3662 ; arXiv:1203.3662 ! :
Average 0.09 +0.05 Average 5 -4 0.0038 + 0.0002
HFAG: HFAG ;

B factories still dominating the other ADS modes
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Time independent — GGSZ

*GGSZ (Dalitz) method

« Exploit different interference patterns in D-Dalitz plots for B* and B-

« For example K "1

D°K:
 Model independent approach
. Binned fit with _ input from CLEO-C B (KT )oK
Ol -
 Model dependent approach D°K
« Unbinned fit with D decay model BOK”

B* < > (K ) K
DK

« Two observables to fit for
Xy =rpcos(y + Op)
Y+ =TB sin(y + 0p)
« Used by B-factories to make the most accurate measurements of y
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Time independent — GGSZ @ LHCDb 14
- T stations

QEB'——+ [)(P(ST1“TT+)P(-

K, reconstruction a challenge

» 2/3 decay downstream of the VELO

VELO Not

used

* Two parallel analyses
* Binned model independent

* Unbinned model dependent

 Control mode observed
« B — D(K )
 ~400 events in 36pb-"

LHCb
Preliminary
\'s =7 TeV Data

L, = 33.9 = 3.4 pb™
Ngignas = 443 =+ 32

m, = 5271.8 = 1.5 MeV
0 =23.5 + 1.6 MeV

Events /(20 MeV )

» Analysis in progress
« Expect ~600 B- — D(K r")K"events in 1fb"’
* 0.5 x Belle dataset

5200 5400 5600
B* mass (MeV)
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Time independent — Summary

NV --- D(*) K(*) GLW + ADS WA
itter ,
wneriz . --- D(*) K(*) GGSZ [@O Combined
Full Frequentist treatment on MC basis —— CKM fit
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*GLW/ADS improvements are important, but not enough

e Two solutions are resolved by other method(s) (GGSZ)
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Time dependent method
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Time dependent studies @ LHCD

Mixing induced interference in B, — DzKi

 Particle and anti-particle decay to the same final state

* Four decay rates to measure
['(BY — DK*") T(By — D{K")

F(B_g — > D§K+) F(B_g — > D;K_)

- Sensitive to y + ¢_

« Can measure ¢_from other channels

7 I
V s

W+ x< s

s
!

R P —
v

co _

) = s S

=

* No colour suppression
* Increased interference between channels
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Time dependent studies @ LHCD

— i —

B — DK
S S <o 180 = -
o ] <

: : : = 160 = o

« Excellent proper time resolution required > 140 EQF-as
=t - F..: >

I — 120 EY

« ~50 fs to resolve B_ oscillations S 100 ERCX

2 gof 1 54

* Flavour tagging vital [arxiv:1204.1237] 2 Rl S 3
ombinatoria — —

» Opposite side tagger: 3.2 = 0.8 % 4 RS

) 5200 5400 5600 5800 6 $

« Extra power from same-side tagger m(D;K*) [MeV/?] T 2
-

~

% 1000f LHC G [

« Progress towards y = e S
i 0

* Oscillation frequency [Phys.Lett. B709(2012)177 184]E F - By Din’ 1 5%
g y ys.Lett. - = 600k B B’— pnt g ©

2 18>0, -

—1 00 W 5 D =

Amg =17.63 £ 0.11 £ 0.02 ps = 0 AT L

- [ Combinatorial — v

stat syst 200 . =9

. . . s o - ] Ny

« B, » D_K branching fraction [arxiv:1204.1237 O 00 =100 o 500 S ©
m(D;*) [MeV/ic)] T 2

B(B'— DFTK*) = (1.90+0.12+0.13"%12y w1074
( S s 0.14

stat syst fs/fd
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Other measurements
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Other modes — B° — DK*°

*GLW / ADS analysis similar to B- — DK

* Interfering diagrams both colour suppressed

—
N
TTT 11

—
o
L L

 Low rates

0
LI LI

[=1]
TT1

* Enhanced interference

Events/ ( 0.01 GeV/c?)

-

 Suppressed B° decay shares final state with B_

« B, mode ~ 20x the rate of
5.2 5.3 54 5.5 5.6

: . D°K™) (GeV/c?
- First observation of B_ decay [phys.Lett. B706 (2011) 32-39] MO (GeVie)

_ stat syst fs/fd B(B — Dp?)
B(BY— D°K*) = (472i107i048i037i074) x 107*

}”:}U
b %

B“';I

: ;{{*U
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Other modes — A, — DpK

A\, — DpK

« Sensitivity to y analogous to B — DK*®
Vr.- b C TL"TI-, b
b _ Vet _ c b

W™ RN :{ . W~ o ;{ S
! ’ ( U ' a :

=
/
ol

us

-
—
d d d d

* Well suited to LHCb

 All final state particles are charged
« Exploit the full phase space

« Dalitz plot analysis

* Branching fraction ratio 6.3c [LHcb-coNF-2011-036]

Events /(10 MeV/c?)

Events / (15 MeV/c?)
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B(A) — D)

+0.011
—0.014
syst

— 0.112+0.019
stat

5600



Other modes — B- — DKt

ﬁ:q"dﬂﬂ:—{b)
e 5
(5] I
*Several methods to extract y = 300}
* Quasi-two body 2 00!
» Modified GLW/ADS method s |
 Potential dilution from intermediate resonances 8%

 Amplitude analysis

-Using DO->K-TT* (arxiv:1201.4402]

« Favoured ADS mode observed (9c) ;E

. ~130 events in 36pb™" from 2010 data g

* Expect ~1/3 of B- — DK in 2011 data E
B(B~ — DK mtn- :
( T ) (94413409)x10°2 5

B(B_ — DOTT_'?T_|_7T_) stat Syst

5200

—+-LHCDb Data
— Total

--- B Signal
[ |D*rrr bkg
[l DKrr bkg
[]Comb bkg

5400
Mass (MeV/c?)

- (d) ~+- LHCb Data
I — Total
I ----B Signal
00
[]D*Knr bkg
0
50]
ﬂ 1
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Other modes

Many other options available
° BS —> D(p
» First step is a first observation

B. — DK*K:

- First step to observe both B° and B_ to DKK final state
B — DOK*IT-

« Enhanced sensitivity to y using the whole phase space w.r.t. B — DK*®

- First step to measure branching fraction ratios for B° and B_

Additional D decays in B- — DK
e D° —» Krtrmrt

o D% — Krtm®

e DO - KK*mrmrt

e DO 5 1t

Further multi-oody modes
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Summary

*New era of y measurements beginning at LHCDb

* World's most precise GLW/ADS measurements of B- — DK
* ~100 observation of the suppressed B- — D(K*1)K- decay

« 5.80 observation of CPV in B-— DK™ decays (combined)
« Other modes are well under way
« B% — DK*®
« B® — Dhhh
. B, » DK
« Stay tuned!
Different modes and techniques are complimentary
 No one approach dominates sensitivity

« Combination of many measurements required
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Back up
B- DKt~

Variation of B hadronic parameters over phase-space
— different approaches for extracting vy :

=Quasi-two body: Modified ADS, GLW observables; needs “coherence factor”

e.g R, =1 +r + 21”_er§ cos(o, + 0, )cosy ; I‘Z”A,g;(arg@)—arg@))dps
l [ J—

k €[0,1] : _\/Hg

Potential dilution of interference due to different intermediate resonances
with different strong-phases contributing to final state, e.g. B- >DK,(1270)
K =1 in the two-body limit — one single resonance contributing

[PLB 557 198 (2003)]

sAmplitude analysis
= Binned: Quasi-two body approach in high-coherent bins of the 4-body phase-space

aps.|[|A]aps
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