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Three subjects

Observation of direct CP violation in BT decays
1fb-1 arXiv:1203.3662
Searches for time-dependent CP-violation in
the mixing and decay of Bs mesons

1fb-’ LHCb-CONF-2012-002

Evidence for direct CP violation in D° decays

0.6fb™! arXiv:1112.0938



Why chase CP violation in B* decays?



CP violation known only to occur in the weak interaction of quarks

- d S b
u

C

T ~__

by emission or absorption of a
W= boson, quarks change flavour




CKM model: 3 quark generations = 3 mixing angles, 1 phase

— g\ = gA A AN (p — in)
Vexn =C | =2+ 34201 =2(p+1an)  1— 327 — g(1+44%)N AN2 + O(AT)
ANA =1 =22 (p—1in) —AN+ AN (1 -2(p—in)) 1-— 1A%\

Wolfenstein expansion in powers of the Cabibbo angle, A, up to A°



This single phase give rise to all CP violation phenomena

d S

- 1N2 - L\ A\
A+ 1Aw(l “ptim)  1- A — (144N
AN (1= (1= 32%)(p—in))  —AN + SAXNY(1 —2(p —in))

Wolfenstein expansion in powers of the Cabibbo angle, A, up to A°
>k
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0 = 14 : Y Vud
aVed  ViVed




Testing the unitarity of this matrix is a huge part of flavour physics
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We know the Standard Model describes Nature well.
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But v is poorly determined by direct methods; “direct” == “tree process”
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Simple ways to measure y with trees



How could we measure y 7

e Need a b—c and b—u transition

( favoured ) <

chz
B ’ “po
i i
T
'
)

(suppressed) Vi

weak phase difference:




How could we measure y 7

* Need a b—c and b—u transition of similar probability

(

V, u
( favoured ) uS°< K-
Vcﬂ;? ',/' S
b .- c
B~ _ _ DY
u u
ra= 0.1
u _
DY

(suppressed) Vi

relative amplitude: weak phase difference:

Vcs Vu?; ar ( VCS VMZ; )
Vus ch col g VI/IS Vcb
— I'B — arg (_ Vu})
relative strong phase: Veb
= 55 = v




How could we measure y 7

e Need a b—c and b—u transition of similar probability and a common final state

V, U
( favoured ) uS°< K
Vcﬂ;? ',/' S
b 2 C
B~ _ DY
u u
rg= 0.1
u _
DO

(suppressed) Vi

DY/D?

— K+K-
— T

(

relative amplitude:

VC‘S Vl/l?;
VI/IS ch

col

relative strong phase:

= 0B

weak phase difference:

VC‘S Vl/l?;)
Vl/lS VC‘Z
Vzﬁ?)
Veb

arg (

= arg(—

—




How could we measure y 7

e Need a b—c and b—u transition of similar probability and a common final state

V, u
( favoured ) uS°< K-
Vcﬂ;? ',/' S
b .- C
B~ _ _ DY
u u
rg= 0.1
u _
DY

(suppressed) Vi

. — KtK-
DV/DY

(CP eigenstates)

— T

(

Nota bene:
D — K+*K-, wtn~ are CP+ eigenstates

D — K0 | KOw . are CP- eigenstates

However:
modes with K9 + 79 are difficult to
trigger and reconstruct at LHCb so

are not considered [yet].




But the larger the interference, the greater the sensitivity to vy

e Need a b—c and b—u transition of similar probability and a common final state

V. u V. 1

( favoured ) ”S°< K- (suppressed) uS< Kt
Vcﬂ;y 5 14 ’Z, S

B‘b - “ o€ . d

i TR T

re=~ 0.1 rp~= 0.06

* u u u

(suppressed) Vb DO T Kt
\)

....... < C C ‘s‘
~~~~~~ Jx
Vcs “n

B~ 77 5 K~ ( favoured ) Vud< Z T

rp/rg= 0.6 ~1



B— DK D —-SK'K,nom= B — DK D—r K+

( favoured ) ( favoured ) (suppressed)
@ ®(CP eigenstates) D ® @

(suppressed) (suppressed) ( favoured )

“ADS” mode

D. Atwood, I. Dunietz, and A. Soni, Enhanced
CP violation with B — KD"(D") modes and

extraction of the CKM angle v, Phys.Rev.Lett.
78 (1997) 3257, arXiv:hep-ph/9612433;

“CP” or “GLLW” modes

M. Gronau and D. London, How to determine
all the angles of the unitarity triangle from
BY — DK? and BY? — D¢, Phys. Lett. B253
(1991) 483; M. Gronau and D. Wyler, On de-

termining a weak phase from CP asymmetries
in charged B decays, Phys. Lett. B265 (1991)

B~— DK~ D—K 7"

( favoured )
®

( favoured )

“Favoured” mode

* |ogic is equally applicable to B™— D7~ though 7B, and hence the interference is smaller

rB(r)~0.01 compared to raik)~0. 1

e The “physics” observables are ratios of branching fractions and CP asymmetries
e All mode has dependence on Yy though this is essentially negligible in the favoured mode


http://www.sciencedirect.com/science/article/pii/037026939190034N
http://www.sciencedirect.com/science/article/pii/037026939190034N
http://xxx.lanl.gov/abs/hep-ph/9612433
http://xxx.lanl.gov/abs/hep-ph/9612433

The “physics” observables

__—CP modes
<I'( B*—[nr]pK*), I'( B*—[KK]pK*) >
I'( B*—=[Kn/pK*) |
favoured mode

Repy = 1+r32+2r300853008’y

ADS mode
- T~

['( B*—[nK]pK+)
I'( B*—[Kn/pK*) N

favoured mode

RADS  _ rg? +rp?+ 2rgrpcos(ép + 0p) cos~y
1+ (’I“B’I“D)z + 2rrp COS(5B — 5D) COS 7Y

effective
BF~107

average of KK and it modes

/
[( B—DcpK) - T( B*—DcpK™)

[( B—DcpK ) + T( B*—DcpK*)

2r B sin d g sin 7y

A -
“rP 1+7rg2+2rgcosdpcos~y

I'( B—DupsK ) = 1'( B"—>DupsK™)
I'( B—DupsK ) + I'( B"—DpsK™)

4ADS  _ 2rprpsin(dp + dp) sin~y
rg?2 4+ rp? +2rgrp COS(5B + 5D) COS 7Y
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S0, where might we find billions of B?
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Triggering of the exclusive hadronic final state: B=— [h™h ]p h*

e | HCb has a two-stage trigger. (1) hardware “L0” trigger running at 40MHz (decisions at 11MHZz)
(2) software HLT running at 1MHz (3kHz accept rate in 2011)

high pr cluster
in the HCAL g

Vertex
detector

N\

4.-

Triggers can also =
come from the rest of

the event. e.¢. a muon | RICH2 Tracker .

from the other B Calorimeters "4 DlpOle magnet




The high level trigger for B=— [h*h |p h*

e Find a high quality, high pr, aalle— \\\\\ \ \ 4/
high impact parameter track > —+-All trac ‘ e \\ b’,ﬁ:{/ —
(this is often the ‘bachelor’ = 8 —linthe—"\ N%’gg,?zﬁ-
or K from the B decay) — | —_— Y A
16— event SF=
e If this successful, then require |14 —
it to be part of a good quality 1n 1
displaced vertex, consistent —
with the B mass. ==
= In 2011, a decision tree algorithm 0.8 _:
has been successfully used. 0.6 — ' ,;%
T | N\, D-vertex
0.2 — /
_ —1-Bachelor SITNNK
T T T TR T BEEREEERE
g:s)c?slc?d;;?::sasmsﬂ 05 1 15 2 75 5 [m m]
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Signal selection and extraction
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Analysis of B*— [h™h'|p h*

e The full 2011 dataset is used in this analysis, approximately 1 fb-
e B candidates are refitted, constraining vertices to points and the D-candidate mass to m(D°prpc

* The data are “stripped” down to a manageable size with a loose selection.
= At this point B peaks are clearly visible in the most abundant modes

= 6000~
70000 {— I—.H C_b - L.H C.b
n stripping B stripping
60000 — output >000 output
- (preliminary) (preliminary)
50000 4 ) 4000— 4 ™
- B ¥—Dr* - B*—Dr*
0000 favoured mode . ADS candidates
= . J — . J
30000 =
20000 f— L\ 2000(—
10000~ -
- 1000 —
v v e e e e e P b gy oo v v by v b b b b by by
£300 5000 5200 5400 5600 5800 6000 6200 6400 6600 6800 4800 5000 5200 5400 5600 5800 6000 6200 6400 6600 6800
m(Dmn) m(Dm)
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Minimising combinatoric background

e Use the TMVA Boosted Decision Tree with 20 variables.
e Train on a simulated B*—/Kr/pK* sample vs. the data sidebands from the 2010 dataset (35 pb-')

example
combinatoric
background

-
-
-
-
-
-
-~
~
~
~
~
-
-
-
-
-
-
.~
L ]

By . . . . TMVA overtraining check for classifier: BDT_BDTgrad_def
. [ ]
UserI quantltles to dIStIngL”Sh the Slgnal 5 E_éi'gﬁa'l(‘lésis'ah'lblé)' 1771 14 ‘sighal (tralning sample) | " ' 'g
4 :@ Background (test sample) « Background (training sample) |
- Transverse momenta é % EKoImogorov-Smimov test: signal (background) probability = 1 (0.907) : E
- Impact parameters S b L
. . 20 - i | P CUt
- Flight distances : BEEE]
- Quality of vertices e 2
. 10 - g
- Distances of closest approach | %
. . 5 k- @;,
- Comparison of momentum and spatial vectors : 2
0 PO U S
H H -1 -08 -06 -04 -0.2 0 02 04 06 08
- And some pT information from the rest of the event BDT BDTgrad_def response 32







*Dedicated particle identification ’
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*Achieves pion-kaon separation from ~5 to 100 GeV/c

LHCb O ALLK-xm)>0 ©

\'s =7 TeV Data m ALLK-7)>5
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*The result Is applicable to all modes considered

800

600

—h
=

LHCb O ALLK-xm)>0

\s =7 TeV Data m ALL(K-7)>5

Efficiency

LHCb
gpipm) = 96.2+0.2%

80
Momentum (MeV/c)

m(Dh) (MeV/c2)




Events / ( 5 MeV/c?)

The CP eigenstate modes
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Events / ( 5 MeV/c?)

The CP eigenstate modes

[—

N

-
|

100

N

Reps = 1.01+0.04+0.01

A little lower than the results from other experiments

200

LHCDb
Bie[n%-]D K*

st ﬁ Bﬂﬂmmmll ey *

TP

1500

LHCb 400

B *— [K*K']Dni

LHCb
Bi%[TC+TC']DTEi )

Py

T 5400

5600
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First observation of the DK*, ADS mode

T30 —
3

% | LHCb ]
= a
2 B*S[tK] K* -

8 D
g a
| lggb by o
B—D'K* | S
—K 7K' m

LH
(4.7+1.4) % 107 e
B*>[n'K ]Drci —
i b Bt ]
5600
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First observation of the DK*, ADS mode

oY
S
|
|

S LHCDb -

B( B*[rK+pK*)
| ~ (2.2 £ 0.3)x1077

Events / ( 5 MeV/c?)
(\)
S

[
SRS b ~
| e *
HEE Ly
; *

Raps = (1.52+0.20+0.04)% LHCb

Compatible with previous measurements —

B*>[n'K ]Drci —

ol

20k

Ri TN — (0.410+0.025+0.005)%

~20 higher than previous measurements




What about CP violation?
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Events / (5 MeV/c?)

KK mode, split by the charge of the B
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-
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i S
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zwr mode, split by the charge of the B

V)
-

Events / (5 MeV/c?)
!
S

200

ek

1003

LHCb -

LHCB-PAPER-2012-001
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zwr mode, split by the charge of the B

g 30_ | g T g | y 1 T g T g T T N
E i IM LHCb LHCb -
5 20  — = ey, | — :
~ 4.50 N i N _
. A(B = [KHK oK) B[] K
a2 R & =Acps = (14.5+3.2+1.0)%
| iy AB ok b
Lower than from the current world average, but more precise |
| LHCb I LHCb
2001 —+ g -
: B*a[wz*wz-]l)ﬂ;+
100} -
0 9

5400 5600
LHCB-PAPER-2012-001 m(Dh™) MeV/c?)
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Events / (5 MeV/c?)

ADS mode, split by the charge of the B

LHCB-PAPER-2012-001
41
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Events / (5 MeV/c?)

ADS mode, split by the charge of the B

4.00

Aaps = (-52i1 512)%

LHCb

Lt uudlt oty l“”

R T e -

— (14.3+6.2+1.1)%

First hint of CP violation in this mode

10f= +

5600
LHCB-PAPER-2012-001

Together with KK/TTTT, this is the first single-analysis
observation (5.8 sigma) of CP violation in B* =#DK*

"""""""" B*>[n*K’] K* -
O Nkt e 1

5600
m(Dh*) (MeV/c?)
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Interpretation and [near] future
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But how does this tie-in with y?

e All of the physics observables may be written in terms of the “fundamental” parameters: 5, v, 05
e A full multi-mode treatment, leading to an LHCb measurement of rg, vy, 65 is in preparation.
e However, in the short-term, we can get an idea by using the standard equations (below);

e take the strong phase op is well known. (neglecting a +12° uncertainty)

Repy = 1 + rg% + 2rg cosdg cosy
A o 27’3 SiIl(SB Sin'y
T 1 +7rg2+ 2rgcosdpcos~y
RADS  _ rg®+rp?+ 2rprpcos(dp + dp) cosy
N 1+ (TBTD)2+2TBT'D COS((SB —5D) COS 7Y
AADS  _ 2rprpsin(dp + dp) sin~y

rg?+rp?+ 2rgrpcos(dp + dp) cosy
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Using: R4psk) and A4ps)

[dvsy ]
= 5
61~
] 4.5
5 :— 4
5 3.5
4 N 3
3 :_ 2.5
2

OIIII IIIIIIIIIIIIIIIIIIIIIIIIII

0 1 2 3 4 5 6
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Using: Rapsx) and Aapsi) and Rep+and Acp+

|6VSy|
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>
3
O,
0a
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=
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¥
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1 2 3 i 5 6
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This is just the first step for LHCD!

Many direct CPV analyses coming to maturity:

B~ — DK B — D K0
D — K+
S Dokk
| D— 7ot

D — K{tm

in 2010 _ B &gk
D — KKK B — DK /56:

D — Kto—mtm D— K+~
D — K+m7! D — KK+
D— 7t
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Summer 2012: important contribution from the “GGSZ” method

e Exactly the same idea: interference between b—u and b—c transitions but this time, use a
three-body common final state

* This method is particularly useful for combatting

b~ — D K" the trigonometric ambiguities present in the
D — K{tm determination of y from the ADS & CP methods
BT"—> DK™

~3 " _'a) Model with o 3 o :
e | a~ | o~
AN
L | no CPV > | >
S o ] S L S ,f
o | w | o |
£ | _

1__ _ 1 1 _

m? %Gevzlc“)3 w s (GeV%c?) s, (GeV?/c?)



Using: Rapsik) and A4psx) and Ree+and Ace+ and the GGSZ modes

|6VSy|
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HYPOTHETICAL! |
For illustration only
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And unigue to LHCb: y from B; tree decays

LHCB-PAPER-2011-022
, , , , , .

N 180 | LHCb | =

Precise measurement of E 160F —
¥+ 140 —

BSO —> l)g'lf+ Z— 120F- =

S

branching now made. Time-dependent D  8of -
measurement of y on-going. 60 =
40 -

B(B°— D;K*)=(1.904+0.12+0.13)1212 x 1074 4 :

ol

5200 5400 5600 5800
Mass (MeV/c?)

LHCDb is on-track to make a combined measurement of y using B* BY B;
tree decays, to an accuracy of 5~8° with the 2011+2012 dataset.
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Neutral meson formalism
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The time evolution of a two-state mixing system is well known

d

7 — B(I(
dt

By(

(

Trivial case. Applies to B* decays

Mixing can occur with B® and Bs

And CP violation in mixing occurs if gbq = arg(—MfQ /F({Q) IS noN-zero.

Diagonalising the matrix obtains the
two [observable] mass eigenstates.

Referred to the Heavy and Light states.

t
t

)

)))

M4
0

M4
Moy

B,
ByrL:=pB;—q B,

1) ()
2 o(t
/ \ s _
0 r 0 Bhedus
M22> ( 81 1122) W ’
M (F11 P12> 55 vy A
Moo I'o; T'a2 b S
N\ NN
W+
i =p Bg+q By
_ p|° +|qI* =1
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Properties

Pq +

If there is no CP violation, p=g=,/2, B ‘p|2 + ‘C_I|2 — 1
B is pure CP+ and By is pure CP- Bq,L =D Bq —q Bq
In addition to the CP violating phase, two other observables can be measured:

The mass difference

q q q ‘F 2‘2 . 2
AM, == M} — M} =2|M%)| (1 313192 S0 $q +

BO: Amg = 0.507+0.004 ps' (SM: 0.54+0.09 ps) 12

Bs: Ams=17.69+0.08 ps' (SM: 17.3+2.6 ps')

The lifetime dn‘feArence . ‘F 2‘2 L

L,:=T7 —T% =2|T{y|cospg | 1 3 1M, sin

BO: Alg=small (SM: ~0)
Bs: Als =0.100+0.013 ps? (SM: 0.087+0.021 ps)
Update in a moment

53



Reminder of the BY system measurement

Latest sin 2 measurement from Belle. arXiv:1201.4643v1
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http://lanl.arxiv.org/abs/1201.4643v1
http://lanl.arxiv.org/abs/1201.4643v1

The CKM triangle relevant to the Bs system has a rather different shape

d S
u 1 _ l)\z 1)\4 A\
Vekm =(C | A+ 1A2)\5(1 — 2(,0+ i) i 1— 2% — (14 44%)\° ¥
t AN (1 — (1 - l)\2)( —1in)) —A)\2 1A)\4(1 —2(p — 277))

Wolfenstein expansion in powers of the Cabibbo angle, A, up to A°

*
‘/ts Jb Vus

0 = 14 L2242
CbVCS Cb‘/vCS
SM .
. = _9 . __9AHPENG-
v ¢ Bs |—2¢ ]) B
> : 2
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Possible penguin pollution

phase = O

phase = -2¢P°":

penguin phase and
amplitude is unknown
though expected small



ds from Bs—=J/p ¢
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Three years ago...

CDF 1.35fh  +DQ 28fb

p-value = 0.031
2.2c from SM

3 -2 : -1 0 1 2 a
SJ/?M — _zﬁg/ﬂbé rad]
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Angular analysis is needed to separate the CP+ and CP- components

e In the B, rest frame, ¢ and ]/ have relative orbital momentum ¢ =0,1,2
e Since CPlf>=(-1)¢ |f>, the final state is mixture of CP even ( ¢ =0,2) and CP odd ( ¢ =1)

e Three angles 6, g, 1 describe directions of final decay products J/{y—pp and ¢p—K*K from
which the CP+ and CP- components may be extracted

SIMULATION

A RooPlot of "cos(6)"

0-1 08 06 0402 0 02 04 06 08 1

cos(6)

A RooPlot of "cos(w)"l

—

0-1 -08 060402 0 0204 06 08 1

cos(y)

A RooPlot of "§"

(=

ntg ( (%51 27)

1200
w

400
200
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Angular analysis is needed to separate the CP+ and CP- Components

/A B S
dI'(BS — J/p¢)
0 dt d(cos ) d¢ d(cos 1))
o Y ©
\ ¢ '. _—d
---------------- 5O :
T/ N\ K~
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Visualise the expected PDF after integrating over 2 of the 3 angles

o Amplitude of “wiggles” o sin ¢s

* ¢s=04 4 * $s=004 A

pdf(t,cosb) N

cosf

6l



Again, the vertex detector plays a vital role

e Need to have a good proper time resolution with
respect to the meson oscillation period, ~350 fs

g. [
41
g 10 %
o —  LHCb Preliminary
@ = \s=7TeV
45 fsp—e—rt
> -
W 102 |
10 =
- /
WL I )1
= It
— v '
10" &
e
— | I/ l | 1 1 1 )| | l 1 1 1 1 I 1 1 1 1 l 1 L 1 1 l
-1.5 1 -0.5 0 0.5 1 1.5

Measured decay time of prompt events [ps]
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And importantly, need to tag the flavour at production

K-l-
— K-
Same side
primary vertex
proton > < proton
Opposite side opposite B | vertex-charge tagger

. from inclusive vertex

opposite
kaon tagger (K")

-
-
—————————

positive leptons from

negative lepton taggers b—c—| cascade

(e, uw) from b-quark

tagging efficiency ¢, ~33%
effective mistag wy,; ~ 36.8%
effective tagging power €,,,(1 -2w;,) 2 ~2.3%
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Fit to data in four variables

3 ——— s-wave component
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e As thefullCP information

is extracted, the lifetimes
of the Heavy and Light
mass eigenstates are fit for

separately, i.e. Al
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= + data
- | —— sig. component

. | —— bkg. component

Ll I L]

— ]
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Fit to data in four variables
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¢s from Bs—=>J/Ap mm-
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If just one CP eigenstate is present, the analysis is simpler

b C
. -
J
W— C
_ -~ 5
0 o~
B >
; S
0 —4
- e
> > .F’ In this region the
§> 3 final state is 97.7%
= CP-odd (at 95% C.L.
2
£5(980 1

m2(J/y *) (GeV 2)



Events /0.2 ps

If just one CP eigenstate is present, the analysis is simpler

I (B? — f_) — _F—F_-\-t FAFSt/Q(l + COS Qg4 f) — (_AF-“‘t/z(l — COS (g ) + sin Dg S1n ('Ams f)

.

For B, B,

[Monte Carlo
b = SM x 5]

..........

0.2 ——— I I T
a;;c@ - LHCDb .
2. + 0°1:— =
S -

5 . 10
Decay time (ps)

Bs—J/\p st~ result: ¢s

N(B
N(B

o
|
— —
_*if

—

| l

=
—4

M 2 M M 1 M M " M 1 M " " 2
0 0.1 0.2 0.3
Decay time modulo 2r/Am, (ps)

-0.2

=-0.02 £ 0.17 £ 0.02 rad
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Al (ps)

Pictorial world summary and final LHCb result

Als=0.116 £ 0.018 = 0.006 ps™

Ps =

J/P only

(SM: 0.087+0.021 ps)

-0.002 £ 0.083 + 0.027 rad.

J/P r+- and /P
(SM: -0.036+0.002 rad.)

O4E ¢ Standard Model 1 po 8 fh!
E T 68%CL [] COF 10’
— "7 95%CL [7] LHCh 03fb!

0.2 E LHCh  1fb’
= ),

0.0 B5r-
o = <
:'_; \\

o 4 &3
’A "

0.2

04 F
- | |

-3 -2 0 2
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CP violation in charm is suppressed in the SM

.
ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

n)) 11— A% —g(1+4A4%)\ AN+ O(NT)

Wolfenstein expansion in powers of the Cabibbo angle, A, up to A°

N\ o\ \oc}\5 \ oA,

if the b contribution can be neglected then only two
generations contribute, I.e. approximates to a real
Cabibbo matrix, and no CP violating phases
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Where to look for CP violation in charm

e A good bet is singly Cabibbo suppressed decays

e [nterference between tree and penguin may generate CP asymmetries

Penguin

e And look for it at LHCb where huge D-meson samples are appearing

Oz (pp=2bbX) =(284 * 20 * 49)ub
O.-(pp2ccX)=(6.10 £ 0.93)mb
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Time-integrated CP asymmetry

e \We would like to measure (for f=CP eigenstate, KK or ).

0(D° — f)-T(D —
(f)— ( f)—IX( /)

A - —0
D’ - f)+T(D’ = f)

CP

e \What we can measure Is:

K/ Araw(f)

_N@" =>D'()x})-N(D" =D (f)m;)
N(D™ =D(f)m})+N(D™™ =D (f)x;)

K/m The “slow” pion from the D* tags the flavour of the D%D°
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Detector effects are present in the raw asymmetry

Physics CP asymmetry )r Productlon asymmetry

Detectlon Detection asymmetry of
asymmetry of D0 “slow” pions

K/n
e But everything cancels, in principle,
K/m IN the double difference
ot A, =A_(KK)-A  (&r)=A.,(KK)- A (wr)
s ﬂs//, slow &
. S .
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Mass fits to the total, selected dataset

v . v 1 . B 1 v v s | v v A g v v v v v 1 v v v v | v

g f 1 T | —
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= ! - = i i
wn - b ° B
S oseeel- ’ < s0000f- Yield -
k4 ] ] 3 i (143612)}(103:
= - ) « 40000 -
- — - . c b o
“ 20000} - w " .
- - 20000 R
220 1840 1860 1880 1900 0 s 10 15
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K/n hd v v | | v v | b v v | - v v - v v v v 1 N v v v I}
¥ o LHCb o Q
S : 141 AR S ot
$ | ; 3 20000 T
& 10000}~ - S
K/xn < " - = 15000 .
g [ . 8 Yield
5 sooo, _‘ g 1900 (381%+1)x103
7 DO
e 5000
< \

/, slow It et | windouw. ... | g l...ccee U
‘\‘,——-~\\ 1820 1840 1860 1880 1900 0 5 10 16
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Robustness against systematic effects

e [he cancellation of the instrumentation asymmetries is unfortunately not
exact. Second-order dependences on the KK/mirt efficiency ratio could
reintroduce small asymmetries

e Solution: separate the dataset into several
kinematic bins (pr and pseudorapidity of the

D*, and momentum of the slow pion)
K/mn

e Similarly, analyse the dipole-up/down data
separately, and the left and right hemisphere of
LHCb separately.

K/x

e |n total 216 statistically independent
N . measurements of AAcp
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Also minimise headaches by applying judicious fiducial cuts

Px (ns) ~1500 1
§ 0.8 !
e 2 0.8
gm e T 1': ‘!:YZ..:..}{' ) 0.4
g : . '.g' 02 |
J T . |
i el 02 :
| g el a B -500
- e W
.|m; ";‘4‘ ) ,..: 0.6 .
: T 08 :
Proe: JEMIPE TP TPIPEPE TP TP TP TP T r -1500, 1
10000 12000 14000 0 2000 4000 6000 8000 1%_1;@_'139.%_
|
P(x,) P (xt,)

Exclude regions of phase space where only
one charge of the slow pion are seen.
i.e. Don’t rely on the UP and DOWN

magnet samples to exactly cancel!
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Final measurement fit

e Cut on D° mass and fit the D*-D° mass difference only in 216 bins

One example bin:

AAcp=(-0.82 £ 0.21 £+ 0.11)%

§

- . .

----------------------
lllllll

LHCb :
Preliminary
m pb-‘l r

5 m (MeV/c?)

[ argest systematics from:
Alternative fit procedure (0.08%)
Multiple candidate choice (0.06%)
Hypothetical peaking bkgd (0.04%)

Consistency: ¥2/NDF = 211/215, prob = 56%
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Many, many cross-checks performed, some examples

e Tighter PID cuts using the RICH information
AAcp = (-0.88 + 0.26)% tight..  AAcp=(-1.03 £ 0.31)% tighter..

e Examine different times, polarity and hemisphere of the detector

Subsample AAcp x?2 /ndf
Pre-TS, field up, left 1.22 +£0.59)% 13/26(98%)
Pre-TS, field up, right 1.43 £0.59)% 27/26(39%)

(—
(—

Pre-TS, field down, left ~ (—0.59 £ 0.52)% 19/26(84%) Consistency:
- .
(—

Pre-TS, field down, right 0.51 £0.52)% 29/26(30%)

Post-TS, field up, left 0.79 +0.90)% 26/26(44%) v2/NDF = 6.7/7
Post-TS, field up, right (+0.42 £ 0.93)% 21/26(77%) (ob = 45Y%
Post-TS, field down, left  (—0.24 + 0.56)%  34/26(15%) 9 = 0
Post-TS, field down, right (—1.59 + 0.57)%  35/26(12%)

All data (—0.82 £ 0.21)% 211/215(56%)
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Initial euphoria has given way; the SM is probably not under threat
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Nevertheless, LHCb will continue to explore CPV in charm

e (Considerable efforts to make the LHCb trigger more favourable to
charm in 2012 will mean a quadrupling of the dataset, not x2.5.

e |nstead of using the slow pion, an analysis using the muon from semi-
leptonic B decays is underway. i.e. 4Acp from B—Du*v

e (Other singly Cabibbo suppressed decays under study, notably the Dalitz
analysis of flavour-tagged DP— Kt
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Conclusion

Observation of direct CP violation in BT decays

Important step toward a measurement of y with ~10% precision in the
next 12-15 months

Searches for time-dependent CP-violation in
the mixing and decay of Bs mesons

Hints of unexpectedly large CP violation in the Bs system have been
wiped away. Efforts continue, but quantifying the penguin contribution
in both BY and Bs systems needs the LHCb upgrade

Evidence for direct CP violation in D° decays

Llook to confirm this result in the next 18 months
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Uses of y from trees: comparison with loop-mediated processes

e Charmless decays of B4 and Bs mesons can exhibit CP violation from tree-penguin interference

d; Penguin diagram could contribute a new phase
o _
0T K b
b—u transition « e _
W ~0
B
\
b - e u
Bgi KT
-
—~ 400 —~ 400
* Aside: L 350F LHCb L 350p LHCb
& 3008 (c) & 3005 (d)
First evidence of direct CP g ggg‘ g :gg‘
violation in charmless two- % 1500 % 150k
0 = - T -
body decays of B mesons 2 100Bebie o | L =
500" "% S0
LHCb. arXiv:1202.6251 O——=—%5" 0p—=

5 52 54 56 58

K’ invariant mass (GeV/c?)

552 54 56 58

K =* invariant mass (GeV/cz)

J

B4



Uses of y from trees: CKM triangle metrology

e sin2p is the most precisely determined component of the unitarity triangle

e the penguin contribution is usually neglected, but, this could be naive

e An example of tension in the unitarity triangle is with |Vs| from B+—1+v and sin2/

e This is a simple tree decay (exchange diagram)
e Small theoretical uncertainties.

BR(B — 1v)

e As we seek to test the unitarity of the CKM model, it
becomes increasingly important to distinguish tree
measurements from those with sensitivity to loops.

X
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First result: the ratio of B-—DCh- branching fractions

- OLc-
[(B=DK) _ (7.74+0.12+0.19)%

A factor 2 more precise than current world average

WEIGHTED AVERAGE
7.6+0.6 (Error scaled by 2.3)

v

PDG live

X2

+ W - ~ HORII 08 BELL 47
il SR AUBERT 04N BABR 3.2

- BORNHEIM 03 CLE2 _ 3.0

10.9

(Confidence Level = 0.0044)
| |

- N
800 | —
] . i}
600 — *ﬁ ¢
400 —
o | -
LHCb
5000 BT*—[K i7t]D7ti N
0 ' '
5400 5600
t 2
. m(DK*) (MeV/c?)
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Non-true-D peaking backgrounds in the CP and ADS modes

LHCDb simulation

- | Signal
107
<4 - FD;igned - Zmn - Z"txE
/ \\ B o 102:_ K‘\_\_\ﬁLL‘\ \’0‘%04.0%8
- T
Ll\"’l'
I "I
_1'1.
Iy
B* K* suffers f il N
S i -
e.g. [m | K+ suffers from: | | o ey,
0 10 20 30 40 50

B 5 K 7T 7l':t Charmless
Bt [Kﬂ:]ﬂ::t Cross food e Thanks to the large boost at LHCb non-true-

D backgrounds can be easily removed.
Bi—>[7l'7l'7l'0]7l'jE Part. reco. cross feed

e The above cut is ~85% efficient and

removes 97% of zero-lifetime backgrounds
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Favoured mode—ADS mode cross feed

B:l: [ Kﬂ: ] h:l: | m(D) default [correct] daughter mass hypotheses
g e LHCb
- check for by swapping 2 =3 ;
dOUblel ll’ﬂlSlD mass hypothesis back = preliminary
+ + g 2000 5 s
B —)[ﬂK]h 2 s00E- veto —— <« =15 MeV/c?
?g 20005— E
i 15002—
1000 z—
500 i—

AT WP A
18 1840 1860 1880

m(D) (MeV/cA2)

|  m(D) with swapped daughter mass hypotheses |

e Combat with PID cuts on the D daughter tracks.

g 1soo§— LHCb
e But this is not sufficient. A veto is needed. 2 1400 preliminary
5 1200 = which is ~90% efficient on signal
g 1ooof—
e After PID cuts and the veto, the 00 -
expected cross feed rate is 6x10>. 600 |-
400 —
e This is just 2% of Raps(m). 200
0: |- | TR SR T A T

1 l 1 1 1 l 1 1 1 1 1 l 1 1 1 l 1 1 1 1 l 1 1 1 l 1 1 1 l 1
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
88 m(D) (MeV/cA2)



0.06 = 0.14 = 0.05

Belle (prelim.) - g 1.03 + 0.07 = 0.03 Belle (prelim.) |- 0.29 + 0.06 + 0.02
BaBar i 1.18 = 0.09 = 0.05 BaBar 0.25 + 0.06 = 0.02
CDF - 1.30= 0.24 = 0.12 CDE 0.39 + 0.17 = 0.04
——— R —
Belle Dalitz— 0.98 = 0.06 Belle Dalitz — : 0.21+ 0.14
BaBar Dalitz |- - 0.974 = 0.033 BaBar Dalitz 0.16 = 0.06
LHCb, 1 b | e 1.007 = 0.038 = 0.012 LHCb, 1 fb |- LGS = WiER S G
1 1.5 2 02 0 02 04 06 08
5 24 - GGSZ methods ) 9 g sin 85 sin -y
CP = B rB COSOpB COS7Y ' CP =
" measure the underlying + 1 + 152 + 21 cos 0 COS
parameters, rg,y,0. From
Belle - | 0.0163300s 00015 these, we can calculate Belle 0395 o0
BaBar 0.011: 0.006 = 0.002 the four observables for Baar | 0.86 - 0.47 0
e e . —— S —
CDE 0.022 = 0.009 = 0.003 comparison. CDE -0.82 = 0.44 = 0.09
—————| S — I —
Belle Dalitz — _ 0:033=0.016 Belle Dalitz | : -0.20 = 0.30
BaBar Dalitz — : 0.016 = 0.014 BaBar Dalitz - -0.42+ 0.20
- 0.0152 + 0.0020 = 0.0004 : -0.52 + 0.15 = 0.02
LHCb’1fb1_....|....l....l......... LHCb,1fb1_....|..._.*._.........,,,,
0 0.01 002 0.03 0.04 0.05 -1.5 -1 -0.5 0 0.5 1

2rprpsin(dp + dp) sin~y
rg? +rp2+2rgrp COS(&B + (SD) COS 7Y

7‘32 + 7“D2 + 2rprp COS((SB + 5D) COS 7Y

RADS
1+ (’I“B’I“D)2 + 2rrp COS((SB — 5D) COS Y

AADS
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Many thanks to the CKMFitter collaboration for absorbing these results
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Dealing with production/detection asymmetries

AJ/w K*

Raw

B*—[Kz] ph* Acp ((Km)p)

Acp((Km)pK)

s o Ao lrKlom)

Acp((rK)pK)

B*—[KK]oh* K Acp((KK)pm)

Acp((KK)pK)

Acp((mm)pm)

B*— [z ph* |<:

Acp( T DK)

= -0.012+0.004

+Appc, —0.001£0.007

FIXED (%)
AProd — _0 8::0. 7
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Ak —0.5+0.7
Az 0.0+0.7




Track momentum of final sample

Track Momenta

mecan
TTDdau = 4(0.3 GeV/c
KDdau = 35.6 GeV/c

Bachelor = 39.8 GeV/c

A ettt <1 0°

B .E
-
- g
500(— it 3.
400{—i: i
C A
Ra
300}
200
100+
% 20 a0

~60 80 100 120 140 160 180 200

MeV/c
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Penguins in sin(2p): Bs—J/yKs W

—
® The unitarity triangle shows some tension  ¢©

between |V, | and sin(2f3). =1 03 ¢ Preliminary
~ s = 7 TeV Data
e How much of “sin(2p)” is sin(2p)? How ..(Q 5' 380 pb’
large are the hadronic penguin (ICJ T
contributions? >
LU
¢ (Could be eventually deduced by 1 02

comparing Bq—]J/YKs® and its U-spin
partner: Bs—]J /yKg°

e First step: confirmation in LHCb dataset.

B(Bs — J/yYKQ)

3.78 £ 0.58 = 0.20 4+ 0.30) x 102
BB JUKY |

9200 5300 5400 9500


http://cdsweb.cern.ch/record/1376113?ln=en
http://cdsweb.cern.ch/record/1376113?ln=en

DACP elsewhere...

Experimental status

(individual Ag;)

Year | Experiment CP Asymmetry in the decay DO to w+7- [F(DO)-L(DObar) /I T(DO)+I'(DObar)]
2010 CDF M_J. Morello (CDF Collab ), Preprint (CHARM J0T0) +0.0022 £ 0.0024 £ 00011

2008 | BELLE 8 +0.0043 £ 00052 £ 00012

2008| BABAR s <0.0024 £ 0.0052 = 0.0022

20021 CLEO v +0.019+£0.032 £ 0.008

2000 FOCUS /S 91.23 +0.048 £ 0.039 £ 0.025

1998 E791 ) 049 + 0 078 + 0 03(
Year | Experiment [F(DO)-F(DObar)/[T(DO)+I'(DObar)]
2011 CDF 00024 +£0.0022 £0.0010

2008| BELLE <0.0043 £ 0.0030 £ 0.0011

2008| BABAR B.A BABAR Collab.). Phys. Rev 100, 061803 (2008). +0.0000 £ 0.0034 £ 00013

2002 CLEO +0.000 £ 0.022 = 0.008

2000 FOCUS . Link FO ollab.). Phys .B 491 000 0001 £0022+0015

1998 E791 I 0010+£0049+0012

1995| CLEO Bartel O Collab.). Phys. Rev. D 52_4860 (199 +0.080 £ 0061

1994 E687 1 ) ()24 ) (AR

COMBOS average

94

<0.0023 £ 0.0017



