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New measurements

CP asymmetry in B — yn

CP violationin B — K=t

CP violation in B — DK
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submitted to Phys.Rev.Lett
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LHCD
- \)

B~ — yh~

e B JyK
— . cc
- abundant B- |

- Tree and Penguin have same weak phase 4_\ K-/

— no CP violation expected, none
found [PDG] Vcb Ves ~ A A2

- 3
e B S Jiym Veb Ved ~A L

- Tree and Penguin have different weak

phases, contribution may be A _, ~ 107 e
- Decay 1s Cabibbo suppressed. ]
B - K/
e B— y(2S) K/n Vib Vis ~ A 22
- less well explored Vib Vitd ~ AL (1-p-in)
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LHCD
e \)

B =y’ e RS

e Select (u'wh') candidates 3 i = [ LHCb |
- - - g+ T prefimimary
e Separate h =K, & by 0SmEmEn: Tt
- helicity angle cos(0) . - _- o

- RICH particle ID, split samples os ik T l

- tr .
5400 5500

e Simultaneous fit of 8 subsamples, 5000 5100 \5200  skoo

extracting yields Jhy K mass (MeV/c?)
Jhyn
R._ B(Bi — 1/)7T:t)
v B(B* — ¢yK¥) T pL a LHCb |
200 _ _
P B(B_ — Q/)ﬂ'_) — B(B+ — ’{/)7‘(‘+) - ]
Acp = _ — 100 ]
B(B~ — ¢Yn~ )+ B(BT — ¢YnT) 3 k ]
5100 5200 500
Direct CP Violation in B systemat LHCb mass (MeV/c?)
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B — y(2S) LHCb B*— y(2S) &t LHCb
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V(28K
ALEY

5200 5300

\
0.005 £ 0.027 + 0.011
0.048 £ 0.090 &+ 0.011
0.024 £ 0.014 4 0.008 )
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No evidence of

" CP violation.




B — K

(d.s)

350 pb! @ 7 TeV

paper submitted to Phys.Rev.Lett.

arxXiv:1202.6251


http://arxiv.org/abs/1202.6251

4 arXivi1202.6251 1 irC
B(d,s) — K 7t N C O

 Interference of tree and loop diagrams.

e Potentially sensitive to new physics. o
>

—
’0
’0
.
*,
o
’0
.q—

Vub Vcs ~ AN (p - in)

CP asymmetry in B, — K is established.

Consider B_ system!

- 14 times lower decay rate, 4 times lower

production rate B ‘—’% mt
\ "

+o—) — -+
Acp = N(K T ) N(K ﬂ- ) Vtb Vtd ~ AV (1 - p - 1n)
N(Ktn~ )+ N(K—7t)

Till Moritz Karbach
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arXiv:1202.6251 LHCb
ACO

I
—>
B s Kt
e Use RICH particle ID to define the charge subsamples.
- carefully control the PID efficiencies and mis-ID rate from data:
large calibration samples of

D* — Dn — (Kn)m and A — pn decays

e Use MC to predict crossfeed from B — nim and B — KK

 Fits to the mass spectra to extract raw asymmetries:

Araw(B® — Km) = —0.095 £ 0.011
Araw(B? — K7) = 0.28 £ 0.08

Till Moritz Karbach

Direct CP Violation in B systemat LHCb l technische universitat
Moriond EW 2012, March 7th, 2012 Slide 8 dortmund


http://arxiv.org/abs/1202.6251
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Events /( 0.02 GeV/c?)
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. arXivi1202.6251 1 irC
B(d,s) —> K 7U N C O

e (Corrections:

AOP — Araw - AD(K'}T) — Rd(S)AP(B?S))

Y
mixing
o detector asymmetry (from D* samples): A, =-0.010+0.002
o dilution due to B mixing: Kk, = 0.303 +£0.005
k. =—0.033 £ 0.003
o production asymmetry: A (B = 0.010+0013

from Araw (B’ — J/¢PK*?)

* total corrections: AACP(BO) =—0.007 =+ 0.006
AA ,(B) = 0.010+0.002 (=-A))

Direct CP Violation in B systemat LHCb
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B — K

(d.s)

arXiv:1202.6251 LHCb
ACO

Systematic uncertainty

ACP(BO — K) AOP(BQ — K)

@PID calibration 0.0012 0.001
(P) Final state radiation 0.0026 0.010
(P)Signal model 0.0004 0.005
(b) Combinatorial background 0.0001 0.009
(®)3 hody background 0.0009 0.007
(P) Cross-feed background 0.0011 0.008
(©)Instr. and prod. asym. (Aa) 0.0078 0.005
Total 0.0084 0.019

Result

rGood agreement
with WA.

Acp(B° — K7) = —0.088 & 0.011 (stat) %= 0.008 (syst) iMost precise!

Acp(BY — K7) = 0.27 4+ 0.08 (stat) & 0.02 (syst) <

Direct CP Violation in B systemat LHCb
Moriond EW 2012, March 7th, 2012
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First evidence of

CPV 1n last
neutral meson ﬁ

system!
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B — DK

1.0 fb! @ 7 TeV

paper to be submitted to PLB
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B — DK iy

e Standard mode to measure weak phase y.

_ _ i(6, -y) u—
=1 Vuf<u K- : I::b " 'thb v . D°
enters wi C
Vcb S opposite sign for B+ i
b ¢ C b S
B— 0 ~ DO - _ Vcs — K_
a u . .

e Tree decays, theoretically clean.

“GLW” “ADS”, “suppressed”
;TN PN
(K"K pK* (K~n")pK™

\} DK+ > o \'P DK™ ’

Phys.Rev.Lett 78 (1997) 3257
Phys.Rev. D63 (2001) 036005
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Phys.Lett. B253 (1991) 483
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LHCB-PAPER-2012-001
B — DK: Observables %I\a

» Define observables as yield ratios (some systematics cancel).

e Charge asymmetries:

Af — ['(B~ = [flph™) — I‘(B-I— N [f]Dh+) final states [f]D;
h T(B- = [flph™) +T(B*+ = [flph™) Ef’;tlg

Charge averaged Kaon/pion ratio:

I'(B* — [flpK™)
['(B* = [flp7™)

o _
RK/‘JT o

e Suppressed/favored decay ratio: T
. D(B* o [P*KF]ph*) e e
i T(B* = [KEnF|ph)

= 7’% -+ 7“% + 2rgrp COS@-FﬁB + 5D)

Direct CP Violation in B systemat LHCb
Moriond EW 2012, March 7th, 2012 Slide 14
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B — DK: Analysis method

* Most backgrounds are combinatorial
multivariate analysis (BDT) with 20 variables

e Charmless backgrounds \ //
exploit large forward boost of the D PV ‘

e Simultaneous fit on 16 slices
cut on D flight

2 (charges) x 4 (D modes) x 2 (K/n) distanceg
e Dominant systematics

intrinsic charge asymmetries (A_.,)

particle ID (R, )
Direct CP Violation in B systemat LHCb .tU Irialcl:m?;fistrz]eKL?r:ﬁ;?Qitét
Moriond EW 2012, March 7th, 2012 Slide 15 dortmund



B — DK: favored ADS mode

. LHCb
preliminary

B’—J-[K'J'L‘*]DK'

mis-ID(w) = 3.8%

5600
m(B) (MeV/c?)

. B—Dmn

. LHCb
preliminary

B —[K _J'I:+]DJ'I:'

Ve, =96.2%

-

5400

Direct CP Violation in B systemat LHCb
Moriond EW 2012, March 7th, 2012

5600
m(B) (MeV/c?)

Events / ( 5 MeV/c?)
]
S

Events / ( 5 MeV/c?)

LHCD
- \)

8

8

~ LHCb
preliminary

B*'—>[K*n] K*

5600
m(B) MeV/c*)

. LHCb
preliminary

B*—[K*n] n*

A

" 5200

LHCB-PAPER-2012-001
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B — DK: GLW CP+ mode

LHCD
- \)

% 80 b 80F
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B — DK: GLW CP+ mode (I)  #&&R

= N B
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B — DK.: suppressed ADS mode

,_,. B(BT - DapsK*)~2-107"
2 LHCb 2 obser-
> .- > i ) .
E 15 preliminary E 15 prelimi VathIl!
S 10 B—[nK*] K > B*—s[:rl:”K"]DK*V
E o } 23 events p‘% 73 events
| l l | }
. 1 FERIN L Jl
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B — DK: Results preiminry S [\7
RgJ. =  0.0774+0.0012 £ 0.0018
R/ =  0.0773£0.0030 £0.0018
X = 0.0803=+0.0056 + 0.0017
AX™ = _0.0001 £ 0.0036 + 0.0095
AR™ = 0.0044 4 0.0144 4 0.0174
AR = 0.1480 £ 0.0369 + 0.0097
ATT = 0.135140.0661 & 0.0095
AEE = —0.0199 4+ 0.0091 £ 0.0116
A™ = —0.0009 % 0.0165 & 0.0099
Ry = 0.0073 £ 0.0023 £ 0.0004
Ry = 0.0232 £ 0.0034 £ 0.0007
R. = 0.00469 =+ 0.00038 £ 0.00008 Till Moritz Karbach
RY = 0.00352 0.00033 % 0.00007 TU Gt oniers
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B — DK: Results pretiminary S C{?
RK/?r = 0.0774 = 0.0012 = 0.0018
RES = 0.0773+0.0030 £ 0.0018

e =  0.0803 % 0.0056 £ 0.0017 ! l

\
Repy = < K/ﬁa RK/;T > /RK/‘TF
= 1.007 = 0.038 = 0.012

The GLW
charge-averaged ratio,
D(CP) over D(flavor).

Till Moritz Karbach
-tU technische universitat
dortmund
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B — DK: Results prlimiary

LHCD
- \)

The GLW
charge asymmetry

AR = 0.1480 £ 0.0369 + 0.0097
AT = 0.1351 4 0.0661 £ 0.0095 l I

ACP+ ~ < K/?T’AK/‘JT

= 0.145 £ 0.032 £ 0.010

Till Moritz Karbach
-tU technische universitat
dortmund
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B — DK: Results

(

0.0073 = 0.0023 =+ 0.0004
0.0232 4= 0.0034 = 0.0007
0.00469 = 0.00038 £ 0.00008
0.00352 4= 0.00033 £ 0.00007

preliminary

LHCD
- \)

Raps(x) = 0.0152 4 0.0020 + 0.0004‘m
Aups(x) = —0.520 4 0.150 4 0.021

Rps(x) = 0.00410 + 0.00025 + 0.00005

| Aaps() = 0.143 £ 0.062 + 0.011

The ADS observables

Till Moritz Karbach
-tU technische universitat
dortmund



B — DK

LHCB-PAPER-2012-001

preliminary

Belle |- I 1.03 = 0.07 = 0.03 Belle - 0.29 + 0.06 = 0.02
BaBar | 1.18 = 0.09 = 0.05 BaBar 0.25 + 0.06 = 0.02
CDF 1.30 = 0.24 = 0.12 CDF 392 0.17 = 0.04
LHCb, 35 pb™' |- 148031012 | HCh, 35 pb™ |- 0.07 = 0.18 = 0.07
HFAG average — e 1.11:0.06 | {FAG average —— 0.270=+ 0.040
Belle Dalitz|- —J- 0.98 = 0.06 Belle Dalitz - N 0.21x0.14
BaBar Dalitz|~ - 0.974+0.033 | pBaBar Dalitz — 0.16 = 0.06
CKMFitter - . 0.981= 0.022 CKMFitter —_— 0.187 = 0.032
LHCb, 1 b1 + 1.007 = 0.038 = 0.012 LHCb, 1 b1 -+ 0.145 + 0.032 = 0.010
1 15 2 -0.2 0 02 0.4 06 08
I:‘CP+ ACP"‘
seie - | 00163000 2 setie i P
BaBar i 0.011: 0.006 + 0.002 BaBar -0.86 = 0.47 'y
0.022 = 0.009 = 0.003 -0.82+ 0.44 = 0.09
CDF |- CDF - i
] 0.0166 = 0.0039 = 0.0024 ) -0.39+ 0.17 = 0.02
LHCb, 343 pb1 — -HCb, 343 pb1 — | -
HFAG average | i 0.0160 + 0.0027 | 4EAG average |- 1 -0.46 = 0.13
LHCb 1 fb-1 | 0.0152 £3 0.00202 0.0004 LHCb 1 fb-1 | -0_52 + 0.15 + 0_02
’ | M M | N T " | N n " . 1 5 " N " L L L " 5 ’ M N N M | M | " N M | M N M . M | ] N N M M
0 0.01 0.02 0.03 0.04 0.05 -1.5 -1 -0.5 0 0.5 1
I:‘ADS AAD..‘S
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Conclusion LG 1\7
* CPasymmetry in B — yn 350 pb! @ 7 TeV
) ] ] to be submitted to Phys.Rev.X
No evidence for CP violation. LHCB-PAPER-2011-024

preliminary

* CP violation in B — Kn 350 pb @ 7 TeV

. . . bmitted to Phys.Rev.Lett.
First evidence of CPV in B ! S” .
S arXiv:1202.6251
Acp(BY — Km) = 0.27 £ 0.08 (stat) £ 0.02 (syst)

e CPviolation in B — DK 1.0 fo' @ 7 TeV
AADS(K) — —0520 T 0150 - 0021 to be submitted to Phys.Lett.B

LHCB-PAPER-2012-001

preliminary
First observation of ADS mode! Till Moritz Karbach

-tU technische universitat
dortmund
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LHCb

e one arm forward spectrometer

e b pair production
correlated

e covers 1.9 <n <49

M2
SPD/PS HCAL

ECAL
M1

T3 RICH2
vl =——

e tracking stations

before and after ol
magnet Eﬁ/ :
 particle identifi-
cation by two Py
RICH detectors Csml

Direct CP Violation in B systemat LHCb hJ Ig(l:%?srgrz]eKL?r:ﬁf?a?Qitét
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A
y -
i EEPDS‘Z:SALHCAL
T3 RICH2 M
Vertex
Locator
- I T
—5m
| | | | | | | | |
Sm 10m 15m
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PID system

 Ring Imaging

Cherenkov S |
Detectors N A |
cosf = ' " spherica  A20mAdt |
ﬁn ) | mirror i 71
_ -7 . beam P'Pe e " Central tube
¥ | ! o Y ‘if—l
— NIl & I \, | Spherical mirror
VELO exit window \ 5 ‘

plane

track ‘ Z
1 e Flat mirror
mirror /

e 3 radiators
covering wide

momentum f
range RICH 1 RICH 2

(side view) (top view)

Quartz plane
Y Magnetic shielding

Direct CP Violation in B systemat LHCb hJ Iélé%?srgrz]eKL?r:ﬁf?a?Qitét
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LHCD
A C O

PID system

400 = 6, max
B LHCb MC 20 :‘ ,,,,,,,, 242 mrad
300 RICH 1 wf ./ ~ LHCbMC
| - P
==} -y T 150 -
<) :' > 100 |
RICH 2 © or
100§ b
i 50 e 53 mrad
' e 32 mrad
ey 2T A0 Ly CHREIC o Vi JE L i .'; K ‘r,-
0 I T M S 0 . R | . e
0 50 100 150 200 1 10 100
Momentum [GeV/c] Momentum (GeV/c)
-20 \s
 Aecrogel,n=1.03, p<10GeV/c J
e C4F10,n=1.0014, p intermediate = -4
e CF4,n=1.0005, p>20GeV/c “ LA
’ . . ’ -60 TR T A TN TN T AN TN SN N NN SO T |I_\HCb|MC
[comparison: Air, n = 1.0003] 6 40 20 0 20 40 60 (cm)
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PID system

1,4 T L] L] ] L L L T T T T T T T L T T

h T T
Q
c 0O ALLK-7)>0
& 12F LHCD
Q \s =7 TeV Data ® ® ALLK-n)>5
=
w :_.:_W’-:::_---...,_H
- .-I-.- H-'\--lqll_.‘_.h.h‘-..
0.8 Ko K .

- 40 60 80
Momentum (MeV/c)

Till Moritz Karbach
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B~ — yh- ‘L‘Ijﬂ%l\?:l

RJ/¢ - (3.83 + 0.11 £+ 0.07) X 10_2 — 30 lower than WA
(5.2 £0.4) x 10~2 [PDQG]

R¥(25)  — (3.95£0.40 £0.12) x 1072 compatible w/ Belle
(3.99+0.36£0.17) x 102 [6]

[6] Belle collaboration, V. Bhardwaj et al., Observation of B — 1(2S)n= and search for direct CP-
violation, Phys.Rev. D78 (2008) 051104, arXiv:0807.2170.

B(B* = Jhpr?) (3.88 4+ 0.11 4+ 0.15) x 1075

B(B* — ¢(28)r%) = (2.5240.26+0.15) x 1075
Direct CP Violation in B systemat LHCb m I;g%?;gﬁgﬂ:ﬁ;?;tat
Moriond EW 2012, March 7th, 2012 Slide 32 dortmund
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LHCD
- \)

B~ — yh~
Systematics

Table 3: A summary of systematic uncertainties. The fit errors are included for comparison.

R (x1072) AT R¥(25)(x1072) A¥@S)™  AvR29K
Simulation uncertainty 0.045 E 0.088 - -
PID efficiencies 0.043 - 0.052 - :
AWK (PDG [3]) . 0.0070 - 0.0070 0.0070
AﬂwK statistical error - 0.0046 - 0.0046 0.0046
Detection asymmetries . 0.0056 - 0.0056 -
Relative trigger efficiency 0.020 0.0031 0.050 0.0036 0.0003
Fixed fit parameters 0.005 0.0006 0.017 0.0013 0.0001
Sum in quadrature (syst.) 0.065 0.0106 0.115 0.0108  0.0084
Fit error (stat.) 0.110 0.0268 0.404 0.0901  0.0136

Direct CP Violation in B systemat LHCb
Moriond EW 2012, March 7th, 2012
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B — K

(d.s)

B mixing dilution factor:

int __ IF(B)dt_ fI‘(E)dt
““ " [T(B)dt+ [T(B)dt

oo
fo e Ld)tcos (Amd(s)t)s(B&) — Kr; t)dt
Rd(s) =
o0 _Fd 3 t '&Pd(s) 0 .
Jo e 4o COSh( 5t E(B(S)—>K7r, t)dt
Direct CP Violation in B systemat LHCb m I;g%?;gﬁgﬂ:ﬁ;?;tat
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B . — K" : Crossfeeds

(d.s)

correct mass assignment

Double mis-ID g oo

veto § s veto - E15 Mev/ct
E ZOIJGE— : |
=

B+—[Kn]h* .

Bi_)['r[K]hi son;—

1 0.4]

' m(D) (wenz}

swapped mass assignment

Events / (5 MeVicA2 )
3
=1

which is ~90% ——> <« efficient on signal

I IH[Hl[IH[III|III|III|III|IH]HI

800
600
400
200
ollllIIJJIllIIIJJI|lIIJJJlllII]JIIJIII]J
1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
m(D) (MeVic*2)
Direct CP Violation in B system at LHCb _l_U 1l Moritz Karbach
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LHCB-PAPER-2012-001

B — DK: Results pretiminary S C{?

AX™ = _0.0001 £ 0.0036 + 0.0095
AKT — 0,004+ 0.0144 +0.0174[
CP asymmetries in favored
> modes consistent with 0
(as expected).
AEE = _0.0199 £ 0.0091 +0.0116 |
A" = —0.0009 % 0.0165 £ 0.0099

Till Moritz Karbach
-tU technische universitat
dortmund



LHCB-PAPER-2012-001

B — DK: Results prlimiary

LHCD
- \)

Rapsix) = (Rgx+Rg)/2

= 0.0152 == 0.0020 = 0.0004
AADS(K) = (Rg— Ry k) (Rg + Ry, K)

= —0.520 £0.150 = 0.021
Rapsxy = (Rp +RT)/2

= 0.00410 == 0.00025 = 0.00005
Aapsx = (By —Rp)/(Ry + Ry)

0.1426 = 0.0621 = 0.0110

Till Moritz Karbach
technische universitat
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B — DK: ADS relations

I'(B- - D[ Ktn|K)+TI'(Bt - D[—» K nt|K)

RADS = 5= 5 DS K-ntK-) 1 T(BT = D= K+n-|KH)
Ay — I'(B- - D—» K'n|]K)-T'(Bt—- D|—» K nt]K™")
ADS ™ (B~ - D[» Kt ]K-) + (Bt = D|—» K-ntK")

Raps = 'r'% + 7'% + 2rprp cosycos(dp + dp)
Aaps = 2rprpsinysin(dp + dp)/RADS

[(B* - [KFr]pKF)

2 2
T(BE 5 [Kenw|pKo) =r3+rpH+2rgrpcos(xy+dp+dp)

RiE

Till Moritz Karbach
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B — DK: GLW relations %I\a

Q[F(B_ — DCPj:K_) -+ F(B+ — DC’PiK+)]

R = — = 1+ 1% + 2rpg cos g cos
OP T(B- — D'K-) + [(B+ — DOK™) B STB IR OB IR
A o F(B_ —)DCP:{:K_) —F(B+ — DcpiK+) - +2rp SiIl(sBSiIl"}’
obx = I'(B- = Dop+K~) +T'(B+ = Dgp+K+) 1+ r% + 2rpg cosdp cos 7y
Direct CP Violation in B systemat LHCb m I;g%?;gﬁgﬂ:ﬁ;?;tat
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B — DK.: Systematics

PID PDFs MC  Ainsir S o2
Rg7, 0.0014 0.0009 0.0008 0.0 0.0018
Rygs. 0.0013 0.0008 0.0009 0.0 | 0.0018
%)» 0.0013 0.0006 0.0008 0.0 0.0017
AE™ 0.0 0.0010 0.0 0.0094 | 0.0095
AE™  0.0002 0.0041 0.0 0.0169 | 0.0174
AEX  0.0016 0.0013 0.0005 0.0095 | 0.0097
AT 0.0019 0.0023 0.0 0.0090 | 0.0095
AEK  0.0001 0.0066 0.0 0.0095 | 0.0116
A™  0.0001 0.0004 0.0 0.0099 | 0.0099
Ry 0.0002 0.0004 0.0 0.0001 | 0.0004
RL 0.0004 0.0005 0.0 0.0001 | 0.0007
R: le-05  3e-05 0.0 7e-05 8e-05
Rt le-05  3e-05 0.0 7e-05 7e-05

Direct CP Violation in B systemat LHCb
Moriond EW 2012, March 7th, 2012
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