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CKM Angle vy
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> The least well known variable
for unitarity constrain

Babar: v = (69117_16)° (arxiv:1301.1029)

Belle: v = (6811°.14)° (ckm2012)
CKMFitter: vy = (66x12)°

UTFitter: y = (76£10)°
Y from other constrains: ~ 4.3°

Theory: oy/y~0.0000001°

> Can be accessed through tree-
level transitions (i.e. B>DK) =
**Test of standard model

> Can be accessed through loop-
level transitions (i.e. B)=2>nn(KK))
= Probe of new physics
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Effective Yields

> Integrated luminosity and Energy (proportion to b cross section)

LHCb Integrated Luminosity pp collisions 2010-2012

;L[ Rae e s47 | > Designed: 2 fb! @ 14 TeV
g E Recorded in 2011 (3.5 TeV): 1.107 /fb ‘ //
§E “Eil Recorded in 2010 (3.5 TeV): 0.038 /b | . _
a2y -4 > 2010: 0.04 fb'! @ 7 TeV
g 14 o7 S
2 > 2011: 1.0 fb! @ 7 TeV

15—— 1:/ A -

" S > 2012: 2.0 fb"' @ 8 TeV

06 E F ’ ; !

/./ ~ > 2015-2017: 5-6 fb"! @ 13 TeV

Date

2017 Compared to current publications (mainly based on 2011 data):

A factor of 9 in integrated luminosity A factor of 14 in production
> Trigger, Selection etc. Improvement in 2012:
B decays with pp #CPU: +10%
¢ (L0 x HLT) ~70-90 % Deferred trigger: +20%

B decays with hadrons . . . .
g (L0 x HLT) ~ 20-50 % Assuming a factor of 16 in effective yields
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y in Open Charm Decays

[ favoured ) < — H

Veb

b o ¢ Combination of B

B D _)f mesons (hadrons),
different H particles,

different D decays offers
dozens of channels to
access v in tree level

['(B — D[ f]H) = A%(A% + rpA% + 2rp A AfRe(e'°2 0P 7))

Neglecting CP and mixing in D

Sensitivity of Y depends largely on rg (affected by color-suppressed
factor, ratio of CKM elements etc.)
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y Studies with B*—D°h* (1)

Phys. Lett. B 712 (2012) 203,
arXiv: 1203.3662

> his @ (rg~0.01) or K (rg~0.1); K channels thus offer better power

on Yy measurement

> DY can decay to KK, i (GLW modes)

% 80 | T .
E LHCb T K LHCD
= '
vy 1 ":
2 BIK'KLE Tk B*SIK'KLE® -
- =il | N
e ER Y ‘w #
\ 2 ¢ ESsbaestaatel Z \ N a2l
64‘ D
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| } TC -
¢ | ~
BSK'K)x | 1 B'S[K'K]r"
| " B
fin ‘? B
5800 5200 5400 S50
) -

Events/ ( 5 MeV/c?)

200
# ]
1008 ,'
\
B 75200 ey - WE

1Rep+ =

Acp+ =

- Q[F(B_ — Dcp+h_) -+ F(B+ — Dcp+h+

['(B- — D% ) +T(B* — DOht)
I'(B- — Dop+h~) — (B = Dgopyht

I'(B- — Dcpih~) + (Bt = Depiht

Averaging over KK and nn
channels and assuming no
CP violation in h=n channels

Rcp, = 1.007 4 0.038 + 0.012,
0.145 4+ 0.032 4 0.010,

4.50!!

Acp+

Systematic ~ Statistic/4
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y Studies with B*—D%h* (2)

> his @ (rg~0.01) or K (rg~0.1); K channels thus offer better power

on Yy measurement

> DY can decay to K-a*t or K*n- (ADS mode)

I'(B- > D7 K"|h")+T'(B" - D[—»>n"K~]h")

Raps =

I'(B~- — D[—» K—7nt|h~)+T'(B* - D[—» Ktn~]|ht)

I'(B~ = D[- n~K*|h~) —T(B* - D[- n+tK~]h")

AAps =

(B~ — D[— K—7nt|h~)+I(B*+ — D[— K+n—]h*)
First observation of Bt—D'K* ADS mode: 5.1¢c

LHCb | l K LHCD -
il ‘i:.:ixl!l-éi wyi:' B*—[x°K] K" i
|aww il 31 | ™
ey LTI I

Events/ (5 MeV/c?)

' A
T ;Lﬂlﬁ_ﬂu‘ T

1 |
408 LHCD | LHCD |
308 i ‘ n -
| £ 1
208 4! Foirk xR »% B -
] '
108 [ ‘é i 1 -
e VYT | e | |8 R
"J! ' “ OlLATU LU ' ' 5:”fffffff'i...':'.' Tl ‘w‘ ' . b A LU t
5200 5400 5600 5200 5400 00
m(Dh*) MeV/c?)

Raps(x) = 0.0152 4 0.0020 + 0.0004
Aaps(x) = —0.52 £ 0.15 & 0.02

4.0c!!
Systematic ~ Statistic/6

Combining GLW and ADS
mode, we have 5.80!
significance of direct CP
violation
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vy Studies with B*—D°%* (3) Phys. Lett. B 718 (2012) 43,

arXiv: 1209.5869

> his @ (rg~0.01) or K (rg~0.1); K channels thus offer better power
on Yy measurement

> DY can decay to K, KKK (GGSZ mode)

> Model dependent (amplitude analysis etc.) or model independent

(using CLEO-c information) 0557)] gy = Im[rpei®a)

|

I'(BT — D[— KJntn|KF) o |f«|? + 75| fe]* + 2 [~’5¢Re[fq:fi £3 y:FIm[f¥fj:]]

/ /
From Babar’s flavor speciﬁed/

Dalitz analysis CLEO-c information

r+ = Re|rge

(']

|Bin number]

m?2 (GeV“/c?)
2

N T
m?2 (GeV%c?

) 5 25 3 : : 1.6 1.8
Phys. Rev. Lett. 95(2005) 121802 m? [(GeV/c?)’] m,,.. (GeVict)
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y Studies with B*—D°h* (3)

> his w (rg~0.01) or K (rg~0.1); K channels thus offer better power
on Yy measurement

> DY can decay to K, KKK (GGSZ mode); Model independent

Results with 690 signal in Ksam and 110 in KKK

')\ 03 2 | e I 5 [ 1 1 I 1 LI | | R [ | L I
LHCb |
02+ | _ ]
..... ] B
.".' "’4‘ ; \\ “-.
£ 7] A
T
B N | A
01+ \ ’.. | &
'..,-*_-.- X "-l--....--’ :
02f B I o &
Statistic only:
_0_3—I Illl llIl Illllllllllllllll-
0.3 0.2 -0.1 0 0.1 0.2 0.3
X

X.. =043 F 1.5

E 0.8 =

-0.6) x 1072,

Y =27 =52
X =(—103%4.

Vo ={—-8 33 3:7=
Stat.

<% mil P

Sys.

-2.3) x 1072,
8+ 1.4) x 1072,

- 0.8+ 3.0) x 1072,

CLEO-c input

Dominant sys. : no CP violation in B—»Dx
Can be avoided with large dataset

Sys. due to CLEO input will reduce for
large statistical analysis
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y Studies with B*—D%h* (4)

> his @ (rg~0.01) or K (rg~0.1); K channels thus offer better power
on Yy measurement

> DY can decay to K, KKK (GGSZ mode); Model independent

+43. - 35
rg = 0.07 + 0.04 y = (44733)° Sp =137 "2)°
E 0-25 L I I l ! <] L \l\ I 1 I I 1 | I I I I \l\ 1 |

- H o~ - \ \ -
- LHCb 1 8 s LHCE Q d

0.2 __ - —_ h:f) -\\ \ 3
[ ™, ] 38 e \ 1
= 5 - ~ - s \\ -
L vif 3 - @ E

0.15 :’ /\ Nagge?®™ e T a oo 200 \\\ \\\ e
e 4 N > It \ el - \ N
B4 \\ / \\ 2 P \ \\

0.1 _i ,\\_,/ ,\\_7_ i \\ \\
B 7 100 — N e =
B 3 = \\ \

0.05 = i i S
B 2 - N\ A -
T 1 1 | 1 l 1 1 1 1 l 1 1 1 1 I 1 1 ] 01— 1 \ 1 I 1 1 1 1 l 1 | 1 1 \ 1 J—
0 100 200 300 0 100 200 300

Y (degrees) Y (degrees)

> rg lower than world average (but consistent) — larger error on y
> After 2018, GGSZ mode alone can reach a sensitivity of 9°

Monday, February 18, 13



y Studies with B*—D°h* (4) LHCb-CONF-2012-030

> his @ (rg~0.01) or K (rg~0.1); K channels thus offer better power
on Yy measurement

> DY can decay to Knrn, KKnn, nrar, Ko, K{Kr etc.

> Offer constrain to rg: -rg = 0.097 0.011

§ LHCb } J LHCb  _ ADS mode
é B—-[nK '] DK 7
il ~40 B-DK
LHCb
B—=[rK'n'n ]Dn
~160 B—Dn

m(Dh*) MeV/c?)

Statistic uncertainty limited, errors can be scaled
with increased luminosity
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vy Studies with B*—D%h*nn

LHCb-CONF-2012-021

> his w or K; K channels offer better power on Yy measurement

> DY can decay to KK, i (GLW modes), K, KKK (GGSZ mode)

B'—-DKnr, D°— KK

LHCb, Preliminary {

Candidates / (10 MeVic?)
33
= LA 1 5. 5<@ T 1T 5 7 LA L2
—_— e n
——,

ITIIIIIIIIIIII

| K B ] p-0.-F-1 ] 1 I_‘
—+— LHCb Data -
B Signal _?
=1 0% D “
= 0*-D%? i
- D-O_’oo_r —_4
I A, refl 5
B D' =nx refl B
@ D°D,, D°K*K reff]
0 0°rxx refl T

D> nn

B*—DKnr,
gzz_"l]l'llllVUIr
> pof LHCB Preliminary
2
2 18-
§ 16~ .
g 14
Q 12511

— LHICb Data
B Signal
& p —D"%:
T p*-D%"
- D‘°_»D°7
I O =nr refl
[ 0°D,, D°K*K refl

] D"xax refl
[ Comb Bkg

Mass (MeV/c)

Candidates / (10 MeVic?)

Candidates / (10 MeV/c?)

B —»D%Knr, D°— KK

100

I |
—4— LHCb Data
20 LHCD Preliminary m Signal
= p** D"
0 p*-D?
25 | == D'°—»D°-{
A, refl
20

|

B DREERDE BRAEE RS RAREERR

Mass (MeV/c?)

B —-D%Knr, D°— nn

|

& L] I L 1 4 L] I 1 4 | T I  J
o b
20_~L”°

L] L] L ] L] L T L] I

Preliminary : ;l:ng'Data

na
I o N,
CJo*—D%
I 0D’
'Y - D.MK refl
[ 0°D,, D°K*K refl
7] D=z refl

~120 signals for KK mode
~60 signals for 7wt mode

AP+ = _0.14 +0.10 (stat) £ 0.01 (syst)

Ksnn, KsKK modes:
(Analysis ongoing)

~200/tb signals for two modes

Statistical uncertainty
dominated, scaled with more
statistics
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vy Studies with other B mesons (1)

> Two neutral B mesons: BY, Bs; Flavor EeE

specified decay or decay to CP eigenstates -

> Flavor specified decay: Bs— DK etc.

> v+¢s (2B) can be accessed through B,
mixing of neutral B mesons, i.e.

Bs— DK (I’B ~0.3), B'—D' (rB~O.()2) ¢s/2f3
etc.
drfj;:]; (t) X [Cosh(%) — Dy sinh( AQFS) +|C cos(Amit)
drfi;:];(t) x [Cosh(Arst) — Dy sinh( A;S) —|C cos(Amt)

T

Df 27'D K COS(A@’Y 2,83))

C =

B

n / K’c.o C
Dy
W- . %
b_>u ! S
b >— — u
8 3

t

—|.S¢ sin(Amst)]

Similar for f

+[S¢ sin(Amt)]

Change sign for f

1+719 g 1+7‘DK 1+TDK
Ds can be measured due
to non zero I's Tagging info. required

Independent of tagging
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y Studies with other B mesons (2) LHCb-CONF-2012-029
> Event Yields (with Ds decays to KKn, Knm and ntain)

L ] - 300
‘ : f |
= 4000 } . A . _ < LHCD Preliminary Lu;__:l 01
é Dsn i .". [”—f(—h r[))l:l)ll;li“mmn l‘:m o % 200 DSK + .l'\');?_"({:;'ll B -DK
.é 3000 | R «ses Signal B — D ;» d + — I‘;-\l—* I\‘,,.'K '
= . .! [ B.— D! (rp) X 1390:|:98 4 i }il—o l).")_urt.pn
s 27965:|:39 \ ] B,— D= z , 1 C_JA,—Dp
4 B B, D, (x. 100 | o ane S 1 3y =
1000 L J .? /™ (":»llllwill;i:\.:l :ji)] * - A /. B Combinatorial
() T T e ' A o L A tetetet St mememigee
3100 5200 S300 5400 5500 S600 5700 R:\'uu S100 3200 S3200 5400 5500 3600 3700 5800
miD 1) [MeVicT] m(D K) [MeV ¢’]
’Z ln: [ LHCh Stato SYS.
5 Preliminary 1.0 b’ ] - = )¢
= 10 ﬂ’”””ﬂ” ¢ e C — _I.O]. &l OQO 22 0.23 ]
-:_:) ,.“‘:."'-', ”g’! '
< i - . ;
I e t Sy =—1.2510.56 £+ 0.24,
~ F —— Dat: »
10" £ — Combineg Sg= 0.08+0.68+0.28,
102 & = B> DK & 13 : :
;:::::::g—» gll\\ o Df = —1.33 1060 1+0.26 .
10% E — Untagged D K . ‘
I e A Df = —0.8140.56 £ 0.26,

2 4 6 8 0 12 14
T (B, - D,K) [ps]

> Systematic uncertainties dominated by fixed parameters (Ams, I's, Al's),
flavor tagging calibration, background description

> v error expected to be ~9° at 2018; Similar analysis for Bs—DKnn
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y Studies with other B mesons (3) LHCb-CONF-2012-024

> Flavor specified decay: B> D'Kna(K"); Direct extension of B>D'K;
Dalitz analysis possible

~30 events

S~ = — v 1 ©* v T [ o o Vo o L D A TR S SR T . S
Nb 16__ : Tl Nb ]6__ : 2
S £ (a) LH(;b 15 £ (b) LH(Pb E

< - B—>DK" 1 & T - B*>DK"
o E B'»>DK® 3 o Zf B sPK” *
= E B 3BE" | = E B B,»>DK" 7
8 8¢ B B->Dp" 7 8 3 5 B B—>Dp" -
8 [ [] Comb.bkg. ] & ¢} 8 [0 Comb. bkg.
g 4f 1 2 4 % &
S~ ' ] RN 2
O i It @ \ l =
3 2 w | n\‘&?: l Uj ll u 2]
0 o g IR T e — 3] (0 R F Sl L o e e =
5 5.2 5.4 5.6 5.8 5 5.2 5.4 5.6 5.8

M(D..K’) [GeV/c'] M(DWA..,K' ) [GeV/c']

> Decay to CP eigenstates: B" D) KK, nw)KK(p’), ~900/fb signals;
B—DYKK, mn)KK(¢p) ~ 160/fb signals; Time dependent Dalitz analysis

> B.— DD, Bc"—Ds"D: Observations with 2018 data

. . : : Large rg
> Similar channels in b baryon, like A,—DA etc.
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vy Combination with LHCb data (1)

Analysis Nobs | Parameters
BT — Dh*, D — hh, GLW/ADS 14 | ~, rB, 6B, TH, 05, RK/x,
rkr, 0Kz, AaSy
Bt - DK*, D — KShth~, GGSZ 4 |~, 7B, 0B
BT —- Dh™, D —- Knnw, ADS 7 |~ B, 0B, TR, 0B, RK/x,
TK3ry K3y KK3x Included in Combination
Cleo D' - Kn, D’ » Knrnm 9 | zp, yp, Okr, OK3x, KK3m,
TKx, TK3r, B(K7), B(Knnm)
CP violation in the charm system 2 AD"K K A TR
B 5 DK™ D—shh, K* 5 Kn,GIW | 2 |1, 7,; (3" . ﬁ‘
B* —» DK*ntn~, D — Km, ADS 2 |1, 7{3" L f\’,”"‘", kDK 1k, 0k=NOt Included in Combination
B° — D7~ time dependent 5 v, ,\1_)+_~r—, dp+x—, Amg, sin 23
B? — DJ K~ time dependent 5 Y, AD.K, 0Dk, Amg, I's, Al's, ¢s

/’

Observed variables

350 |
300

250}
o

g 200 CLEO Inputs
& 150§
X0 L
2] z
100 |
50 |

:.2,. dl IllllllllllllllllIIIIIIIIIIIIIIIIII

0 01020304 05 0.6 07 0.8 0.9 1

RKSu

1

Y, B etc + nuisance parameters

> D mixing ignored at this precision
> CP violation in charm system included

Acpret =(—0:831 £0.24)% 10~
Ao =036k 0.25) 51077,

> Only combinations using frequentist
approach is shown
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y Combination with LHCb data (2) LHCb-CONF-2012-032

1 2 l
'_] T 1 1 I | 5 L I T I T l L LHCb
U [ <) Preliminary — —
B B LHCH - | <rg> = 00919258
- Prelimi — | Uy = VLY oo =
I DK+ Dn R o | _
0 4' = 01016
= d = I
- 68% - i
T A o e S AT R S Wi T T e D I e T e ) L T o v i T U BRI LA N L
il 7 2 : LLHCb
02 1 "« DK -
i 95% _ _ ] 0.61- 120534
1 1 1 I 1 l 1 1 1 I 1 1 1 ~ H -1
00 20 40 60 80 100 120 140 160 180 04 1l
[®) - 68% .
0.2:— -
85.1° (71.1°if DK only) [ s .
%2070 60 80 100 120 140 160 150
v €[61.8,67.8]° or [77.9,92.4]° @68% CL , % [

v € [43.8,101.5]° @95% CL ,

> With 2018 dataset, y error ~ 2° level (reduced by a factor of 4 +
additional channels) as main systematic uncertainties is either not
dominant or to be reduced by better treatment
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Y Using Loop-mediated Charmless B decays (1)

> Instead of y from interference between tree-level diagrams, y could also
be obtained from a tree-level b—u transition + loop level b—c¢ transition

7 qjﬁ?“. W s ; ]
; ‘ | g-l-‘\‘ \
;Y\\ U I" ,t‘ b 2u, G, L/
WS v 3 iy
) b s wu A By O 2-Body

> New physics can enter in penguin diagram; Comparing with y from
tree level only will indicate the contribution from new physics

> Benefit from combined Isospin analysis of B'—>#*n, a’n’ and B*—xn*n?
and U-spin symmetry process Bs— KK

> Inputs of combinations: branching fractions, direct and mixing-induced
CP violation (time-dependent analysis needed)
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Y Using Loop-mediated Charmless B decays (2)

> Branching fraction: 0.37 fb-! data

~2400,
° 2200 20 1chr
g 2000 =

i T BKK
v1soo = Gl
1400 e
£ 1200 Ag—+pK
m 0

= 1000 Bl A-pn
U S
g 800 - —>3'b0dy
O 600 Comb. bkg

400E- _

200E TSR
%0 50 51 52 53 54 55 56 57 5.8

7t invariant mass (GeV/c?)

5.08 +0.17 + 0.37) x 107,
23.0+ 0.7+ 2.3) x 1075,
5.4+ 0.4+ 0.6) x 1075,
0.05 -
gl o086y %i0"
0.85+0-21 4 0.13) % 107°.

B (B’ — n*tn)
B(BY - K*K™) =
B(BY - ntK™) =
BB’ - KtK™) =

) =

> CPV measurements by time-dependent analysis with 0.69 fb-! data with
fixed values on Amg, Ams and sign of I's (from LHCDb)

r'(B(+=0)> f)—

N = r(B)(t
A1) =

(s)

=0)-> f)

I'(B,(t=0)> f)+T (B (t=0)> f)

A"" cos -1' m cos T)
= 1') — A" sinh (-t)
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Y Using Loop-mediated Charmless B decays (3)

TR LHCb-CONF-2011-053
” 7 Scp vs C E&éﬂxa ..
ce e o ——Prehminary
0 53 BaBar KK 0.6:—
.| Belle
] LHCb
LHCb preliminary i | i Average 0.41 " | LHCb preliminary
;"'::id':? | |
o % 0.2+ =
Adding pew _ &
; \ HFAG 0- v
TN . Belle resul “
0 ¥ i ] -0.2- ) |
I \_ [ B°— t*t- ] BO_’TC_FTC [ Bo’—> K*K- ]
| -08F 3 /
0258 06 04 02 0 02 08 08 04 02 o, 0436 oz 04 06 08
Am'x Conours give -2a{n L) = A" = 1, comesponding 10 60.7% CL for 2 dof mix
814 KK
LH
Cb HFAG average: LHCDb

KK

[A,‘f"; = 0.11 : 921 io.oaJ A;‘Z’f = 0.29 = 0.09 {A;’,‘: = o.ozio.1aio.04J
ATY = -0.56 +0.17 + 0.03 x i Are = 0.17 +0.18 £ 0.05
xx AT = —0.65£0.06 ,

> Combining current LHCb measurements + B factories (before middle
2012), a precision of ~10° on vy can be achieved
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Y Using Loop-mediated Charmless B decays (4)

> Analysis also performed with flavour-specific 2(3)-body final states

I'(B., > ) ~T(B »T)

% IF(ByE)aF(B >

> Using 0.35 fb-! data:
BO K- [ A= (-0.088 + 0.011 + 0.008) | > 60
B~ Kt | Ap=(0.27+0.08+0.02) | 3.20, first evidence
> Using 1 fb-! data: LHCb-CONF-2012-028, LHCb-CONF-2012-018
B K 'nn* [ A_(K*x"x") =0.034 + 0.009 = 0.004 = 0.007
BT KK K" .,Acp (K*K*K™) = —0.046 = 0.009 = 0.005 =+ 0.007 | Interesting CP
‘ ' structure over
Bttt | A_(n"nx%)=0120 + 0020 = 0019 = 0007 | Dalitz plot

B KKt [ A, (K"K x*)=—0.163 + 0.046 = 0.019 + o.oo7]

> SU(3) symmetry analysis can be performed to probe new physics
underline
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Conclusion: y After 2018

1.5 L I L = F \l.".‘ I il I Il L
~ [ excluded area has CL > 095 | J :

1.0 — —

05—

e
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-05 —

-1.0 |- \ R —
- fitter Y M . soLw/cos 28<0
= Winter 12 : (excl. al§L>0.95) —

_1_5_||||||||||||||||||||||||\\||||—

-1.0 -0.5 0.0 05 1.0 1.5 2.0

D

Monday, February 18, 13

21



