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Outline

Analysis discussed in this talk - apologies for those | had to skip:
» Measurement of BRin By — p ™
» First evidence for direct CPV in B systemin By — K
» Time dependent CPVin By — J/vY¢1 By — J/fg — ¢

» Mixing induced CPV in B, system using semileptonic decays — agy;

LHC 2012 RUN (4 TeV/beam)

Analysed B data sets:

=
a

—ea— ATLAS 14.501 fb™"
H—A— CMS 14.383 fb™!
—o— LHCb 1.399 fb™!
H—o— ALICE 2.720 pb™!
PRELIMINARY
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» BELLE: 121 fo~ ! eTe™ collisions @ Y (5.5)

=
(=]
T

» CDF + DO @ Tevatron: ~ 9-10.4fo—! pp collisions

2]
T

[=3]
T

» LHC: pp collisions @ +/s =7 TeV
LHCb ~ 1 fb~ ! in 2011
ATLAS. CMS ~ 5 fb—1 each in 2011

Delivered integrated luminosity (fb™")

“May Jun  Jul  Aug
Month in 2012
18:18 including fill 3045}
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B physics rare decay par excellence

(FCNC and helicity suppressed)

BRsa (Bs — putpu~)=(3.6£0.2)- 1077

BRsnv (Bg — pTp~)=(1.04+£0.1)-1071°

[A. Buras, 2009]

Very precise prediction (which will improve)!

Very high sensitivity to NP, e.g. MSSM

One example (O. Buchmiiller et al)
NUHM (= generalized version of CMSSM)
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Analysis Strategy LHCDb

» Build Boosted Decision Tree (BDT) out

LELALE UL

LIL] LI |IT|||||‘III'I|I
O LHCb

of 9 kinematical and topologial variables. § —»— Preliminary -
0_10.1%_ '—.—'_._' 7 —.—-—.—'_. .—E

train BDT on MC, but calibrate on data: - —O— ;
0 —o— E

» signal response: use B — hh decays g o :
10°c w signal _<:>_—<]>— E

» background response: use sidebands " © Background +
Bl 2 SRR X K

Calibrate muon-ID using tag & probe method (J/zp) BDT
Calibrate signal mass shape/width on dimuon resonances from data

Look in 9 x 8 grid of ™ 14~ inv. mass vs. BDT output (diff. S/B in each bin)

vV v v Vv

Three normalisation channels for BR: BT — J /Y K™, By — J/¢¢ and
BY — K, give all consistent results

+ -\ _ NBs—ptp") «BT—J/UVKT) fo + +
BR(Bs = uT1™) = Nsr = Jui®) (Booutpy Ja DB = JIVET)

Similar approaches by CMS and ATLAS!
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Bs — puTp~ Candidate

Even at the SM branching ratio, LHCb expects to accumulated By — /4 decays

in 2011 data (~ 12 after pre-selection). Indeed, plausible candidates are seen:

my = 5.347 Gevic?

BDT =0.9

decay length = 11.5 mm

only tracks w. p >0.5 GeV/c

14.6.2011 18:57:08
Run 93593 Event | 79897868 bld | 140 *_-.‘

fa00 5350 5400
M‘,!‘(MEVIGE)
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Bs/d — e Results

LHCb - 2011: 1 fo~ ! CMS-5.0fh ! ATLAS - 2.4 b~ 1
PRL 108, 231801 (2012) JHEP 1204 (2012) 033 arXiv:1204.0735
B limit at 95% CL B limit at 95% CL B limit at 95% CL
Exp. bkg + SM 7.2 X 10? Exp. bkg+SM 8.4 x 10 ? Exp. bkg + SM - =
Exp. bkg 3.4 x 1079 Exp. bkg _ Exp. bkg 2.3 x 1078 g
AN
Observed 45 x 1077 Observed 7.7 X 1079 Observed 2.2 x 1078 %
O
Q
5 8
Intervals at 95% CL for BR(B,—~ wh ) E (\Il
— . N =,
DO (PLB 693 2010 539) Combined LHC result: g
. . Q@ W
CDF (H. Miyake, La Thuile 2012) _ 9 1
0 N Z
: ATLAS (arXiv:1204.0735) BR(BS) <42 X 10 @ 95% }' 8
_ o -
— CMS (JHEP 1204 (2012) 033) BR(Bd) <8.1 %X 10 10 @ 95% m %
5 N
—-LHCD (arXiv:1203.4493) < E 8
isM | B limit about factor 1.5 lower than expected for n <
L PRI 1 PRI 1 PR _
’ 1 ‘ ’ " om0 00 bkg+SM hypothesis however consistent within 1 o. (2) K

Very close to SM, no large NP enhancement!
Next step, perform a precision measurement to test if BR is really SM, data driven

analyses equipped to controll all systematics.
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Direct CPV in Bg/s — K @ LHCb

A _ N(Bs—K 7t —-N(Bs—K*tn™)
raw T N(Bs—K-nt)+N(Bs—K+tn~)

400 ¢ 400
~, 350 £ LHCb [E &, 350 B LHCb =
o — —
—_ E — + - = — - ‘I‘
3 sf @ H B ETT 2 swfp @ H BT
O w0 F — O 250 —
=3 F ——
S 200 F 2 200
=< 150 £ = 150
a2 E w
c 100 T 100 Btk |
g E- - - g .
w50 E w30 ==

'ﬂ E e e e SRR D e s e v, A ¥ "
5 5.2 5.4 5.6 5.8 5 5.2 5.4 5.6 5.8
K'n~ invariant mass {GeWc2} Kn* invariant mass (GeWcz)

Argw =Acp+ Ara+a Ap + K Aprod
Ars  material interaction differences for K+ /7T
Ap detector asymmetries, cancel for swapped B field data
Q0 correction factor to account for diff. lumi/trigger efficiency

in magnet up and down sample; cv = -0.202 =+ 0.011

LHCb - PRL 108, 201601 (2012) - 0.35 fo— 1

use D*T — DY(KK/Kr)rt and D° — K decays to determine Ap .04, Ara, Ap.
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Direct CPV in Bg/s — K @ LHCb

A _ N(Bs—K 7t —-N(Bs—K*tn™)
raw T N(Bs—K-nt)+N(Bs—K+tn~)

400 ¢ 400

B 350 F LHCb [= ~. 350 E LHCb H=
(=] —— —]
= E — + - — 4 — — 4+
% 300 ;_ (c) — BS — K T ::.I 300 l:d) = BS — K 7T
O w0 F — O 250 —
=] E ——
S 200 F 2 200
= 150 | < 150
= E o
c 100 c 100 §
g E- -~ <
w50 F % o 50

S S

u o o o ek D 54
5 5.2 5.4 5.6 5.8 5 5.2 5.4 5.6 5.8

K'n~ invariant mass {GeWcz} Kn* invariant mass (GeWcz)

Araw = AC’P +Aja+a Ap + K Aprod

LHCb - PRL 108, 201601 (2012) - 0.35 fo— 1

Apmd production asymmetry in pp collisions

I i e 1t cos(Amt)e(B— K, t)dt _
B J§C eIt cosh(%t)e(B—J{W,t)dt ’

K €: acceptance kg4 = 0.303 = 0.005; ks =-0.033 = 0.003;

exploit B® — J/yK*(K~) decays (CPV < 103 in SM) to determine B° production
asymmetry; A,,.,q 4 =0.010 == 0.013,

B, production asymmetry suppressed by K¢ Stephanie Hansmann-Menzemer 7



Candidates per 10 MeV/c2

H
QU

'—\
<

'—\
H
) 8
T T TTTIT T T

o

: : 0
Direct CPV in Bd/s — K

CDF Run Il PreliminaryJ’L dt =9.30 fb*

F — total

[ ]~

[]c

B kK

EIES Multibody B decays

We- ke NB- Kk CDF anaIyS|S

F o dam We- <k

MAs- ek
no need to worry about B and D

ombinatorial bkg

5.8
m.. [GeV/c?]

LHCb - PRL 108, 201601 (2012) - 0.35 fb— !
Acp(Bs — Km)=0.27 4 0.08 + 0.02
Acp(Bg — Km)=-0.088 + 0.011 + 0.008

CDF-note 10726 - 9.3 fo— 1
Acp(Bs — Km)=0.22 +0.07 4+ 0.02
Acp(Bg — Km)=-0.083 + 0.013 + 0.003
Acp(A] — pm)=0.07 £0.07 £ 0.03
First evidence for CPV in B4 system!

First observation of direct CPV In hadron colliders!

production asymmetries in pp collisions

reconstruction asymmetries from D decays

Stephanie Hansmann-Menzemer 8



Neutral Bg Meson Mixing

flavour eigenstates BY & BY # mass eigenstates By & B,

- 0
, d BY i | B
"t = M—oT{
0
BS
Diagonalizing of mass matrix, gives mass eigenstates:
Br =p|B° > +¢|B° > By =p|B° > —q|B° >

In case of no CPV in mixing (‘ %| — 1): By =cCPoddeigenstate By, = CP even eigenstate

» Amg = mpy — my = 2|Mia| ~ mixing frequency

» AT =T — 'y = 2|T'12| cos ¢

Vib Vis
— B NANANANNNAN

ty At

VisV3 [ <
» phase: poM = arg(M”), —23°M = 92 «arg(- ) A
cb
for large new physics: @5 = qb*ng + ngNP ﬁSM + quP —20s box dominated by top quark

» = Latly ,p mutmy

2 2
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Amplitude

"] CDF Winter 2006

] = datat1g a 95%CLImit 16.7ps’ I
1 ==18456  © sensitivity 254 ps’

] M datat 16450 P
data + 1.645 ¢ (stat. only) '1 |1

: :.!' LY,
0 10 20 30

Phy. Lett. B 709 (2012)

B. — B, Oscillation

CDF: first measurement with 1 fb 1

PRL 97, 24 2003 (2006)

Amg =17.77 £ 0.10 £ 0.07 ps 1,

o+ ~ 100 fs, av. decay length 0.5-1.0 cm

LHCb: Am, = 17.725 + 0.041 + 0.026 ps ™~

decay mode

signal yield

BY— D (pr )r"
B! — D7 (K*K~)r+

B! — D7 7" non-resonant

4371 £+ 91
2910 + 89
1908 + 74

proper time resolution: o+ =45 fs

av.

decay length 1-2 cm

5400

NS . e data
= LHCb preliminary .
) — fit
E \s=7TeV I signal
Z 2000 misid. bkg.
" |
5 341 ppt =B D
2 P I comb. bkg.
3+

5600 5800
B, mass [MeV/c ?]

0.2

-0.2—

oAbl 1

LHCb preliminary

\s =7 TeV

0.15 ‘ ‘0.2 625 ‘0.3‘ = 6.35
t modulo 2 1t/ Amg [ ps]
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How to access ¢@g and Al'g

» Measurement of CPV in interference between decay and mixing & decay

$p
Bs "I bs = ba1 — 261

q;.M\-B-S/;)D

Two major players (¢p ~ 0 for both decays):

» golden mode B; — J /¢
clean mode, large statistics, angular analysis to separate C' P even and
C'P odd contributions, access to I', AL, ¢,

» B, — J/yfo+nonresonant By — .J /17T (CP odd - LHCb-CONF-2012-002)

less statistics, no angular analysis, access to Iz and ¢

» Lifetime measurements in decays in C' P eigenstates
ignoring small CPV: By = CP odd eigenstate B, = CP even eigenstate

e.g. Bs — J/v fo (CP odd); B — K K (CP even)

For new results on lifetimes, see talk from Stefano Argiro
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Measurement of @g

measurement of modulation

in decay time distribution For B, B,

[Monte Carlo
+ SM x 10 for
2y visibility]

0 1 Fi 3 3 5 €

» amplitude of modulation is Sin ¢ Proper time (ps

» opposite sign for B, and B, (and for CP eigenvalue)

essentially measure sin ¢ X sin Amg

— Important tools: flavour tagging & decay time resolution

physics observables in Bs — J /¢ (L=0,1,2):
AJ_, A”, AO, 5”, 5J_, F, AF, Ams, mpg, qbs, 55, FS

(analysis includes small fraction of non-resonant S-wave contribution - F's, 0 g)

Stephanie Hansmann-Menzemer 12



Angular Analysis

Simultaneous 4D fit for decay time and 3 decay angles.

—
gata o LHCb preliminary
o [ s19- component 21400 [s=7TeV,L=11fb"
QL LHCb preliminary | - cp-even sig. component S e,
o Al enedd si > C
S \(g =7 T8V| L=11fb cp-odd sig. component LIJ].ZOO*
42 3 s-wave component :
010 I r
L|>J bkg. component 1000~
complete pdf C
800~
0 600~
i i e Tl
i 4001~ _ T e ~_
C e \\
10 200~ 7~ ~ N
= 7 N o
L r/ N (@)
A NANETANEN BFRTA N SRTEVEN S N AV ATETUN AV STATAr AAra i e e e e e e e e e e e e 1
1 2 3 4 5 6 7 8 O-1 -08 -06 -04 02 0 02 04 06 08 1 AN
Proper time t [ps] cos Y —
o
N
1400 LL
° [ ..
S ¢ LHCb preliminary S1400 LHCb preliminary Z
215000 (s=7Tev,L=11f0 & [ (s=7TeV,L=11fb" 8
c [ [
2 L + + AL Tul__ii# ;1200? ps !
R 5 = = Sl v= =i atne s o aemman sl I P Q
1000~ + e | ®)
5 | 1000 T
r E e -
800 800/ .
6001 N ool T
400/~ e T~ 200
L e ~ r—
L // \\ L
2001 Y ~ 200~
r/ N r
071 T e e e e e | e e e e et e e e e e e e B 0 | L1110 | 111 |
-1 -08 -06 -04 02 0 02 04 06 08 1 -3 -2 -1 0 1 2 3
cos 0 ¢ [rad]

LHCDb plots used for illustration, similar angular analysis for all experiments.
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Tevatron Results: Bs — J /1Y@

Tevatron experiments saw a combined deviation of up to ~ 3 o in their early data,

which went down in the final results ...

CDF result (9.1 fb_l), CDF note 10778 DO result (8 fb_l), Phys. Rev. D 85, 032006 (2012)

CDF Run Il Preliminary L=9.6 fo™*
T T T T ‘ T T T T ‘ T T T T ‘ T T :\ T ‘ T T T T

0.6

___________

B 1

IR 68% CL ] 0.4

I 95% CL - 04 =) _ o

B SM expectation® i lU'J 0.3 iDQ Run l, 8 fb AMg=17.77 £0.12 ps
04 . Symmetry line - =3 E SM p-value = 34.3%

- mmssss Mixing Induced CP Violation? B w02

- R - =
0.Zj 7 < 0.1

E ) < 0E
I_u; 0 -;-l.-.-,----------------------------**:rT-.-'.-F.-f-,-'.-:—"-‘-';----1‘-------r-~='-='-'-'-'- - _0.19 ——68% CL
I Y z —90% CL
o2l T 02 __gsncL
B - -0.3F
0.4F - R T R 1 23
| A Lenzand U. Nierste, arXiv:1102.4274v1 (2011) ] qg/llJ(p (rad)
-0_6? 2 2| ,|= (0.087 + 0.021) ps : —
I | L1 ‘ | ‘ | ‘ | ‘ L1 :\ | ‘ | T
15 -1 -05 Bi’wq’cfrad] 0.5 15
11k events, oct ~ 100 fs 6.5k events, ot ~ 100 fs
. _ +0.38
Bsin[—7/s,—1.51] or [1.26, 7 /2] ¢s =-0.55_ 54
0.038
Ts = 1.528 4= 0.019 4= 0.009 ps Ts = 1-443J_r0,035 ps
AT's =0.068 =& 0.026 & 0.007 ps ™~ AT's =0.16379 00 ps—!

Due to limited statistics, a lot of work to determine proper contours.
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LHCb Result: By, — J /¢

LHCb-CONF-2012-002
21k very clean signal events in 1.0 fo— 1

o+ ~ 50 fs

parabolic likelihood distributions

— point estimates

¢s =-0.001 % 0.101 =+ 0.027
[, = 0.6580 + 0.0054 + 0.0066* ps
AT, =0.116 + 0.018 + 0.006 ps !

* syst. limited by lifetime acceptance introduced by pattern reco

Observation of non-zero Al

fraction of non-resonant contribution:
F,=0.022 £+ 0.012 £ 0.007

> [ T I T T T T I T T T I T T T T L
§ 2500~ —+ aua t Lrco Preliminary ]
~ [ | — e component Vs=7TeV,L=1.03fb" ]
2 2000f |— e com .

=

(D)

>
M 1500F .
1000 =
500F .
S e 5= Y W S s it e e

5300 5350 5400 5450
B, mass [MeV]
—_————T——T——T
LHC#/ 2011 Data Cont.Levels  —]
\s = 7TeV g

— 80% C.L
— 95% C.L.
— 99% C.L.

Likelihood Profile

I|II[|I||III|||I

-
w

2-fold ambiguity resolved
PRL 108, 241801 (2012)
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Combined LHCDb result

Observation of B; — J /1 fy decay by LHCb,

followed by CDF, DO & BELLE

Dalitz-like analysis: pure CP odd eigenstate

(> 97.7 % 95% CL); LHCb-PAPER-2011-005

BR(Bs—J/v fo,fo—n)
BR(Bs—J/vY¢,0—KK)

CDF - arXiv:1106.3682v2

fit for ¢g in By — J/ymm:
¢s =-0.02 £ 0.17 & 0.02 rad

LHCDb-PAPER-2012-006

+ B, — JJYKK -
gbs =-0.002 + 0.083 £ 0.027 rad

LHCb-CONF-2012-002

m(x) (MeV)

= 0.257 + 0.020 4= 0.014 7.500 J/¢mm candidates

Further improvements ahead:
additional triggers, use of SSKT,
fit for direct CPV, enlarged m (K K)

mass window, more data ...

Stephanie Hansmann-Menzemer 16



ATLAS result

world largest sample of By — .J /1 ¢ decays: S s —om
10 E o f=7TeV :gﬁ;ﬂ E
25k signal candidates in 4.9 fo~ 1 ajggf - B Bk
Lﬁmooi -
very hard conditions: ~ 6 pile up vertices per event e :

6001

. L 400F
untagged analysis — no need to resolve fast mixing 200k
(04 ~ 100 fs) Pl
— significant loss in precision for ¢

B, Mass [GeV]

competitive result on AI'

f— _‘ T T 17 | L3 | FEET | L ‘ L ‘ LI il
'y 0.14}— 8] constrained to 2.95+ 0.39 rad —68% C.L. —
& [ Al constrained to > 0 ---90% C.L.

external input on 0 | from LHCb %"0.12} ATLAS ool ]
L s=7TeV . mm Al = 2|7 5/cos(9,)
0_1;JL£=4.9fb'1 dE . " )_’
B il % [ i T’i’"-‘;"»--.
0.08f ’ X 3
¢s =0.22 +0.41 = 0.10 rad - e
AT, =0.053 + 0.021 + 0.008 ps ! oot A¥
[, =0.677 + 0.007 + 0.004 ps 1 ¥ ;
M - 15
arXiv:1208.0572v1 0" [rad]
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NP in B;-Mixing? - Status 2011

» P(B — B) # P(B — B)

| | sM: A® =(-0.20 4-0.03) x 1072
semileptonic asymmetry s
(BO 4+ Bs) A. Lenz, U. Nierste, (2006/2011)
_ _ g 0.02
B—B — |
B > U |
ol Sl

B—B — H+ . StandardModeI‘

B > “+ -0.02

- 1 B Factory W.A.
" [l D@ By~ pDX

A= N p)=Np=p)

I DO AS
o004l D@ AS95%C.L.
N(ptut)+Np—p~) 0% 901b™ -
_ N(uT)=N(p™) 004 002 0
¢ NEHFN()

0602
Ay

A%} 1 pe190um =114 £ 0.37 (stat) % 0.32 (syst) %
A%} ps190um = 0579 % 0.210 (stat) 4 0.094 (syst) %
(Phys. Rev. D84, 052007 (2011))

— 3.90 deviation from SM
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A% in Bs — DspuX

s _ N(BS*DS_IPLVM)_N(E*D;FM_W)
sl " N(Bs—Dj3 ptv,)+N(Bs—Di p=v)

This measurement requires tagging to determine production flavour

very challenging at hadron colliders: eD? ~ 2-5%

Alternative approach:

N(DS_M_FVM)_N(D;_M_W) — ﬁ A sl sl

fast Bg mixing dilutes second term below precision of this measurement.

detection asymmetries:

DO & LHCb analysis uses Ds; — ¢(K+ K~ )r decays, thus need to worry only about
7 and [ detection/reconstruction asymmetries. Due to opposite sign of 7 and f in
the decay, effects almost cancel; on top exploit swap of B field

all corrections/systematics data driven!

aim for permille precision, cannot trust MC at this level

Stephanie Hansmann-Menzemer 19



Agin By — D,uX @ LHCb

— magnet down

magnet up

190k B, S|gnal candidates in magnet up+down

m(K*K'r*) (MeV)

= C L -
z f LHCb ! 2 LHCb
- 10'p Preliminary i w10 Preliminary
5 E o=
3 1]
= s .
= W =08 (®)
= =
=1 =
o ~
S S P
10° 10’
'] | I . |
1050 2000 1850 1900 1950 2000
m(K'K'n*) (MeV) m(K' K ) (MeV)
b : . T —
| LHCb C LHCb d
. . 1 . .
=" F Preliminary 2! F Preliminary |
—_— E - E
S0k Zwp (b)
]
9] [ S ESEEREaa,
107 e 102
E E L L PR T ST T Y :.
1800 1850 1950 2000 1800 150 1900 1950 2000

m(K*'K'x ) (MeV)

plot: D(_S) — T~ mass

LHCb-CONF-2012-022

stability checks w. raw

asymmetry

N0 ! — ]
& [ LHCb edncir | ]
2 5L Prcllmmary . MAG mowN ]
< [ i i P ]
of + + J’ :
T ¥ .
_]0 . L i L E 1 L i L L i Ci
0 2 4 6 8 10
Run Block
20 B ]
= i LHCb 5 e Magnet UP ]
z oL Preliminary
{E s Magnet DOWN

-10

0 +i#—$—

[ T 3

[
g

8 10
p(w) [GeV]
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2

N(u*D5)/6 MeV/c

200k B signal candidates

x10°
301 BJ (B2 - W* Di v (weighted)

- DORun I, 10.4 fb™ :

I N(D}) = 203513 + 1337

i N(D®) = 47965 + 1173
1 —— Signal Fi

N /N L e Background Fit
B

- | - ‘ ‘ ‘ | | | I

1.8 2 2.2

M (@it [GeV/c?]

plot: D — ¢ mass

small bkg from B — Dt

A, in B, — D,uX @ DO

)12 MeV/c?

+
S

N(IwD's)-N(u'D

Fitfor N(Dfpu~) — N(D; ™)

500

DORunll, 10.4 fb

—— Signal Fit

2.2
M (@rt) [GeV/c?]

Raw asymmetry: A, =[-0.40 & 0.33 £ 0.05] %

FERMILAB-PUB-12-338-E
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Agin By — D™t X @ Do

740 k D candidates

454 k D* 1 candidates

x10° x10°
< 80F «— 120
S o DO Run Il, 10.4 fo
2 o é 100[
210) s -
Sl: S sof ]\
s St
= 40l g 60
GO Z L / \
DO 5 j \
10 E« rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr 20 - .Aam‘,‘.‘.ﬂ.nwuxm *
19;%' | '1.i7' | 1|75 | Il.i8l | i.isé' | '1i9' e T2 T hos 1 K
M(KTUT) (GeV/CZ) AM= M(KTUTD*) - M(KT[) (GeV/CZ)
g 2 :_ . DoRunu,1o4fb1
? 151 e [ """""""""""""
main challenge to determine asymmetry - :T[ |
e N s s s
in kaon material IA (a k) - +
0.5 S + """ l """"""""""""""
i *0 + B : % :
— eXpIOIt K — K T decays 0; o l2<nK)]<22 |.. ] I 7777777777777777777777777777777
| & 0.7<nK)<1.2
:..u.lr](}$)||<.0:7.|...|..|...|....
0575 4 6 g 10 12 14

p(K) (GeV/c)
FERMILAB-PUB-12-488-E
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A ;7 Results

LHCb

DO
LHCh-CONF-2012-022

FERMILAB-PUB-12-338-E/FERMILAB-PUB-12-488-E 0.02
o3 0.02 \ ] S

LHCb, 1.0 fb"

F DO Dsu, 5.0 fb

-0.02

>12

- A4 AlP_,,) 68% C.L.
- Combination
® Standard Model )
-0.04 -0.02

-0.04

-0.04

&y -0.04 -0.02 0 0(.102
ag)

a® = [-1.08 4 0.72 + 0.17] %
a®, = [0.68 & 0.45 + 0.14] % (g =[-0.24 = 0.4 £ 0.33] %

_ _ _ _ (limiting systematic, statistics of control samples)
combination with previous result:

ail(comb) = ['170 + 056] % next step:
a?(comb) = [0.10 + 0.30] % more data, more modes + By

~ 30 tension with SM in DO result, neither confirmed nor excluded by LHCb ...
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Summary

Many new world best results in B system:

» combined LHC result: BR(Bs — pTp~) <4.2-1079)

large new physics contributions ruled out

» First evidence for direct CPV in B system
Acp(Bs — Km)=0.27 & 0.08 £ 0.02 (LHCb)

Acp(Bs — Km)=0.22 4+ 0.07 £ 0.02 (CDF)

» Mixing phase ¢, in good agreement with SM, still room for NP

¢s = -0.002 4= 0.083 = 0.027 rad (LHCb)

» DO confirms tension in ag; in analysis of Bs — DsuX
a®, =[-1.70 £ 0.56 ]%, a,gl =1[0.10 + 0.30 1%
LHCDb result consitent with SM and with DO resuilt.

a®; =[-0.24 + 0.4 £ 0.33]%

B systems stays interesting to look for NP - many more LHC data available!
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Backup
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BR (Bs — J/YKTK™)

CDF (9.6 7)

N = L X o X Js X o X €

signal yield luminosity prod. X-section fragmentation func.  BR efficiency

Belle Y(5S) - 121 fb~ ! (cHEP 2012)
BR(B; — J/¢¢) = (1.25 = 0.07 £ 0.20) X 1073 limiting systematic fs

CDF Run Il Preliminary, 9.6 fo'

L ik = 0.239 4 0,003 0,019
g BR (Bs — J/¢) = (1.18 £ 0.02 4= 0.09 & 0.14 (frag.) & 0.05 (PDG)) x 10~ 3
§ with Belle result as input:
s %(all pr range) = 0.254 4 0.003 = 0.020 4 0.044 (BR)

200 T

Observation of fo(1525) (S=2): e @ -
R = 0.264 4 0.027 + 0.024 A -
f5(1525)/¢ i w Skl
LHCD - Phys. Rev. Lett 108 151801 - 2012 o R T B S s S L
mlyK'K') (MeV) m(K*K) (MeV)
R . =0.22 =0.05 = 0.04 DO - FERMILAB-PUB-12-104-E

2 (1525) /¢ Stephanie Hansmann-Menzemer 26



Amgin Bg — J/Y¢

Extract ¢ from terms like sin ¢5 X sin Am
— are we able to resolve the fast mixing frequency?
For cross-check, fit without constraint on Amg

(PDF has terms of sin Am independently of ¢s):

—rr 1 r rr T r 1
LHCb preliminary
Vs =7 TeV

-AlLog Likelihood

15

25
Am [ps]
We observe a central value Amg = 17.50 £ 0.15 ps_1

(compare to LHCb published measurement: 17.725 + 0.041 + 0.026 ps 1)
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Lifetimes

I'g+I'p

lifetime in flavour specific final states (e.g. Bs — D). I's = 5

in case of no CPV: CP odd: By — J/¢fo: 'y CPeven: By — KK:T'f,

Lifetimes provide independent constraints in A" vs. ¢ plane!

with Bs — J /1) ¢ status end of 2011

Tr+ gc— = 1.440 == 0.096 (stat) == 0.010 (sys) ps
(stat) & 0.03 (sys) ps CDF, [PRD84:052012,2011]

_ +0.096
0.4F
0.3¢
0.2r
— 0.1
;E‘ 0.0
o5
<]

—0.4¢ R
=180 —135 =90

LHCb, [PLB 707 (2012)], superceded

2 92 9
N oW s

I:III\'I II]\III1II\I|IIII

e
—

=

[
-

AL, [ps™']
o o
S5

I

2
n

!

=
w0

s S [
== Tik- = [L.44 £ 0.096 £+ 0.010] ps||
tz2 39% CL of %2 fit

T 1 T

FARY
L7001 £ 0.03] ps

9
FN

/
S TIf

L

—— DO: 68% & 95% CL (prelim.)

== CDF: 68% & 95% CL (prelim.) |

1 LHCb: 68% & 95% CL (prelim.) |-
ILifetim ‘: 39%

-]

d)\lll[\l\ll |\||{:'/{}|J',
L gll' &
N '

L I
—45

0
¢, [deg]

45

n T 1
90 135 180

Fleischer, Knegjens [arXiv:1109.5115]

For new results on lifetimes, see talk from Stefano Argiro

0 1
¢, [rad]

é 1
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New Lifetime Results

Several approach to deal with potential acceptance bias

1) “swimming* (determine event-by-event acceptance, first used by CDF PRD 83, 032008 (2011)

2) measure relative lifetime

Typpp0 = 1.700 £ 0.040(stat) £ 0.026(sys) ps

LHCb: arXiv:1207.087v2

3) develop dedicated trigger/reconstruction lines avoiding any biasing cuts

(very challenging for fully hadronic modes)

T+ - = 1.455 4+ 0.046(stat) + 0.006(sys) ps

arXiv:1207.5993v1 (supercedes pervious result)

Yield ratio / 0.4 ps
i
g

]

I—'—I; ]

¢ (ps)

7(Bs — J/¢fo)/T(Ba — J/YK™)

Candidates / 8 MeV/c?

5.0.20
L ) r
: LHCb (a) - -go r LHCb simulation
| ] E 015 g
| —4— Dat E E L
[CIB-KK = r
s>k - 0.10(~ N
- Partially ructed 7
----=-- Comb. back = 0.05 r b
E H '} ]
= oo Y 2 .l”. J‘ a
T 54 5.6 538 2 4 6 8 10
My [GeV/c?] Decay time [ps]
Bs —- KK
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