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m Forward arm spectrometer. b/B production correlated in
forward /backward direction. Access to By, B4, Bs, Bc, N

m o ~ 290ub in pp collisions at /s = 7TeV.

VELO RICHES E/HCAL MUONS
:nnlr?nairtyp‘:r::r‘::tser K, pi particle ID ;:?ngn‘E ‘I;'I[e), Trlgger and PID
Y. ()

TRACKER
P of charged

Low pr trigger
threshold = efficient
for leptonic and
hadronic decays
(€trig ~ 94% — 60%).

Excellent resolution for
tracking and vertexing

(o1px = 15um).

Good particle
identification:
K/p/m (RICH)
w/e/v (ECAL)
© (MUON).



Space available for new physics
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The state of the art: Tevatron

CDF, FPCP’2010
20 . D@, ICHEP’2010
CDF Run Il Preliminary L=52fb Preliminary
0.6F — 9%%cL = DG. 61" 6 =—04240.18
E —eswoL lp 04 E_B“g—’».]/apqﬁ S= 3.01+0.14
0.4~ SMprediction B BT AM, = 17.77+0.12 ps~?
F ® 02 F
 0.2[ BT —68% CL
& @ <4 F —95% CL
= 005 0.0 o T e
4 08s [ ;
0-2r 02
-04F 3
F 04 F
-0.6f- 55 = —¢5/2 E | 1 1 | |
_‘1 0' l] -3 -2 -1 0 1 2 3
B, (rad) ¢/¥*[rad]
Signal yield (lumi) Ref.

CDF | 6500 (5.2fb~ )  CDF Note 10206
DO | 3400 (6.1fb~1) DO 6098-CONF
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Measuring ¢, using B; — Ji)(up)o(KK)

= P — VV: final state is admixture of CP-odd (¢ = 1) and CP-even (£ = 0, 2) with
different lifetimes.

CPl o) = nel Jpo)e = (=1)"| Jbo)e

»  Angular analysis using transversity angles Q = (6, ¢, ) to disentangle final state.
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Differential decay rate

PT(BO = Jbd)  dT
dt dcosf dp dcosyy  dt dQ th JA(S2). (1)
k hi(t) (0,9, ¢)
1 |Ao(t)|? 2 cos? (1 — sin® f cos? )
2 ZNGIE sin? (1 — sin? @sin? )
3 |AL(t)? sin? 4 sin? 0
4 | S{AL(D)AL(D)} —sin? 1 sin 20 sin
5 | R{A;(t)A) (1)} \% sin 21 sin? 0 sin 2¢
6 | S{A§(H)AL(t)} %sin 21 sin 26 cos
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Time dependent decay amplitudes

o) = |Z\g(0)|2e‘r5’[cosh(A£St)— cos s sinh(Agst) ~ sings sin(Amst)]
AWME = IZ\"(O)IZe_rS'[cosh(Azrst)— cos s sinh(Azrst) = sings sin(am,)|
AR = |A¢(O)|2e‘r5‘[cosh(¥)+ c0S s sinh(Aert) + sings sin(AmSt)]
SA DAL = |Z\"(0)||Al(0)|e-rsf[—cos(6l - &) sings sinh(Azrst)
— sin(8, — &) cos(Amt) + cos(6, ;) COS s sin(Amst)]
RA(DAD) = IAo(O)IIA"(O)Ie‘rs’coséu[cosh(Azrst)— cos ¢ sinh(Azrst)
= sings sin(am.?)]
SIAL(DAL(L) = |Z\0(0)||Al(0)|e-rsf[— c08 5, Sinds sinh(Azrst)

— sind, cos(Amst) + cosdL COSps sin(Amst)].
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(LHCb-CONF-2011-005)

T 3
_; % F T T T .|
3 2 15~  LHCb preliminary
3 B F \Vs=7TeV iy B
= £ E F- =
E d © F [ 3
F E :\ 3 E
20: T = “H - I
E 4 v E of
15F 36 pb 3 E
105 LHCDb preliminary E 05—
sE Js=7TeV 3 E
oF N T TR 5 1 5
5 10 15 20
Am,[psT]

| Am, = 17.63+0.11(stat) + 0.04(syst) ps* |
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Common Selection for b—hadron — J/'le (LHCb-CONF-2011-001)

= 1400 800 ~ 20
t Bt — U/ Ky LHCh By — J/9 K™% O LHCb
3 1ol Preliminary 700f- 3 Preliminary
\a=7Tovata 180 =7 TeV Oatn
g g
S 1000 K]
S F 3
< <
£ 800~ 2
§ F g
& soof-
400
200 s
L Ll i, % % ? .
015 52 525 53 535 54 L T T T I T T o5 53 525 53 S8 o
Wiy K invariant mass (GeV/c) Wy K Invariant mass (Gev/c?) Iy K invariant mass (GeV:
o 200 N
§ 2B, o /b o wew § wfh, o J/HA
3 Preliminary 3 F
5 2%F & =7TeV Data 2 E
S 180F 8 s
3 s f
< 1e0F = F
40— LHCb
§ 140E- g E Preliminary
& 120F S
100 24| F
s0f- wf
60 3
40 10
20E
3 0

8277 525 53 535 54 545 TS5 58
Jhpg invariant mass (GeV/c?)

m Cut at t > 0.3 ps to suppress prompt background.
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Background model

S F . i S F .
D3160 - LHCb Preliminary 03160H LHCb Preliminary
= F . Y5 =7Tev,L=36pb" J = o \s = 7°TeV, L = 36 pb
03140F- . Lt 3140 : :
2> - 9
£3120F . laa - : £3120f
F = o=« Ll |=] -
S3100F " .t h . ;% ot 753100
EoTorl a ..
3080F " M e e =T 3080)
F.l . :58 .
3060 et . 3060
3040F -0 = 3040
3020 I I 1 = 3020H L L I
5200 5300 5400 5500 5100 5200 5300 5400
B mass [MeV] B, mass [MeV]

m Low background in BY — Jip¢ with the t > 0.3ps cut.
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Proper time reSOIUtion (LHCb-CONF-2011-001)

2L 1o00[ LHCb B
8 C Preliminary © 10°
§_ 300'} \R=7TeYDan E s LHCb Preliminary
ST T S % 10 Vs =7TeV, L =36 pb*
gt 7 2
§ 600/~ ‘E’ 10%
@t No t > 0.3ps cut we sPlot of bkgd
400~
F = prompt-J/iy bkgd .
200~ i
F 10t
L R T s 102
Jhy¢ invariant mass (GeV/c?) 0 5 10

Bs - J/y @decay time [ps]
m Use a triple Gaussian resolution model.

m Extract parameters from a fit to the prompt JAi) peak in data.
m (0;) ~ 50fs.
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Angular acceptance

(LHCb-CONF-2011-002)

m Take angular acceptance from MC, i.e., for Bg—> I

<(cosb)
§-04_ T T T i 3_08 %_06_ T T T ]
8 “1.06 S
a.02f ] ’ St 7
1.04)
1.02- E
'y ] 1.02
1 Ly 7
008 MC ] 0.08 008k MC ]
09 0.9
0.96F 96 ¥
0.94
L L L L L L 0.94 L L L
-1 05 0 05 1 2 0 2 4 05 0 05 1
cosf ¢ [rad] cosy
m Cross check procedure on B — JipK*© data:
o T T (e = 700F T T = o~ T T [
S ook oo preiminay TEes [ B F s reiminay — vosion S 9F Lo preiminay — o
2 VE=7Tev,L=36pb ! o @ 600f NE=7TeV,L=36pb " it H o Zsoof \s=7Tev=aspt e
S 500k e | © i 2 700f
o e 500 o
400 W 2 600
B S e e ]
wb— 3 300k —+ 400)
200F 3 - T 300
-~ 200) E
100 E 100F /
-1 0.5 0 05 1 2 0 -0.5 0

2
¢ [rad]



Untagged analysis of B — Ji)¢ (LICB-CONF-2011-002)

Transversity angle cos 6

Transversily angle o

g s B ask 8 b
S E LHCb preliminary 5OF HCb preliminary % LHCb preliminary
2 30k Ns=7TeV, L=36 pb' S 3 s=7TeV, L=36 pb' £ a5t \'s=7TeV, L=36 pb'
E 2% §
§ 25F

BT R R
-08 -06 -04 02 0 02 04 06 08 -3 -2 -1 0 1 2 3 -08 06 -04 -02 0 02 04 06 08

cos © [rad] cos

Cprpertinet] Fa

2 F

H LHCb prefiminary | (¢ — )

S Hemimey | Parameter LHCb prelim. (¢s =0

g

g

e Fs (ps™!)  0.680 & 0.034e. £ 0.0275.
AT (ps™!)  0.084 £ 0.1124, & 0.0214).

|AL(0)]>  0.279 & 0.0574. £ 0.01445.

‘ |A0(0)]>  0.532 & 0.04041,. + 0.028

6 7
proper time t [ps]

= CDF note 10206, £ = 5.2fb™%: Als = 0.077 = 0.0354ar. = 0.0104,r. ( ps™ ")
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Untagged anaIySiS of Bg—> J/wgb (LHCb-CONF-2011-002)

| Feldman-Cousins confidence regions |

3 2 -1 3
o, Irad]

B No ¢s sensitivity from untagged sample.

m Tagging reduces 4-fold — 2-fold ambuiguity
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Tagging performance (LHCb-CONF-2011-003)

m The sensitivity of the measured asymmetry is directly related to the effective tagging
efficiency eeg = stagD2 = ctag(l — 2w)2.

R+ W w
e T o wWru YT RyW
| | eag(%) [ w (%) | ewr(n) ]
B D" ;v | 183+02 ] 336+08] 1.97 £ 0.18
combined OS Bt - JbKt | 154 +03 | 322+ 12 | 1.97 £ 031

BO— JapK*0 158 £ 0.7 | 30.0 £ 6.6 | 2.52 £ 0.82

BY > Dt | 289+02 | 342+ 08 | 2.87 £ 0.32
combined 0S + Sz | BY — JA)K* | 23.0 £ 05 | 33.9+ 1.1 | 2.38 + 0.33
BO— JWK*® | 261409 | 336 +5.1 | 2.82 & 0.87

u Combined OS for BY — Jipdp = 2.2+ 0.5%
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Exporting the tagging to BS—> o

m Use MC to look at the calibrated neural net mistag compared to the true mistag.

206

0.5;
: MC

0.4

0.3;
g BT — JppK*

o2p B — JppK*®
: B2 — Jppop

0.1~
c:"H\HH\HH\HH\HH\HH
0 0.1 0.2 0.3 0.4 0.5 I?.S
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Tagged anaIySiS of Bg—> J/wgb (LHCb-CONF-2011-006)

[ LHCb Preliminary i N

1 \s=7 TeV, L=36 pb' ) /\
0.4 o \

AT, [ps™]
o
2]

|
//
0.2-68.39 S
Ce0% ez IR
[ 95%... . e L
Oj sk /l 0
L :‘~l~\ /,_f-—/:""-
-0.2 = N }/,’
-0.4 "\ :
: W
0.6/ (:

1
0, Irad]

05V € [-2.7,-0.5] rad @ 68% CL |
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¢s prospects in 2011

Eu=: HCO Preliminary 1 LHCb 36pb—1  CDF 5.2fb— 1
o[ Ns=7TeV, L=36 pb' Bs0 — Jhbo cands® 836 £ 60 6500
< 04l Proper time res. 50 fs 100 fs
r OS tagging power 22+ 0.5% 1.2 £ 0.2%
0.2]-68.3% SS tagging power work ongoing 3.5 + 1.4%
[ 90%
9: 9% = With current performance and only OS tagger
02l the expected ¢s sensitivity for 1fb~ ! at 7TeV is
L 0.13rad.
-0.4f
L 1’ m SS tagger will help improve sensitivity
-0.6F # significantly.
- - 2 A ¢’1,[radl u Expect world’s best measurement this year.
5 oc LHCb MC 200 pb~" Zosl ‘
Vs =T7Tev —emct 5 F
0.4]= Likelihood Profile E— 04

— e

©
©
o

oo, . . ... LHCb w/ 2011 data ?

4 2 ) F

L
4 3 2 E] 0 1
o, [rad]

S

1No t > 0.3 ps cut
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Lett.

B 698 (2011) 115.)

First observation of BY — Ji)fy(7m) e

40,

W W
=]

25

Events/(5 MeV)

20H]

LHCb

\'s = 7 TeV Data

5200 5300 _ 5400
mutrntn) (MeV)

Rﬁ)/‘i’ = r

(B — Jjbfo, fo — mtr™)

“F LHCb

35F- \'s =7 TeV Data

N W
a_o

Events / (15 MeV)
N
o

- =
o o
———

(B= Jhpop, ¢ — KTK™)

1000
m(r*n’) (MeV)

1200 1400

— +0.046+-0.027
- 0'252—0.032—0.033
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" LHCb

preliminary

J'L ~365pb”

—
~
L
>
(]
=
[ee)
~
~
[2]
)
c
[
>
L

BY — JpK*O

0 — JWK=O

5400 5600
ME/p,K, 1) (MeVic?)

m A(b — ccd) penguin contribution not suppressed = use to control §P for ¢s.2

» B(BY — JppK*0) = 3.5714 (stat.) £ 0.9(syst.) x 107°

2R. Fleischer, Nucl. Phys. B 659 (2003) 321 among others
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A(b — ECE) - Vcs V:b(AT + Pc) + Vus V:bpu + Vts VtEPt
= Vcsvc*b(AT + Pc - Pt) + VusV:b(Pu - Pt)
Vis V:;; = —ViusVib — Vs Vep.

= Penguin contribution (P, — P:) suppressed by factor A* ~ 0.05 wrt (A7 + P. — P).
m So assume decays dominated by single weak phase ®p = arg(VesV3).

u B mixing phase, ®y = 2arg(VisViy).

w ¢V = by — 20p = 2arg(Vis V) — 2arg(Ves V3) + 6P

u CKM triangle:

Vus V,_Tb + Vcs V:b + VtsV[:Z = O = ﬁs =arg (_ xtsgt*?) — T])\Z + O()\4)
cs Cb
< o O =
m SM prediction, 6P = 0: Vis Voo =
J
¢Y/%? = —28, = —0.0363 £ 0.0017 . J
Vi~ oy =
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New physics in ¢

| ngsA is the same NP phase modifying other quantities, e.g.,

AT

M/T
2§ cos(hny + 62)

m/r M152M 1/
sy = arg|— s | ™ 0.0034 # ¢
12
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Events/(0.25 ps)

b — J/TpX lifetimes using unbiased trigger (LHCb-CONF-2011-001)

Events/(0.25 ps)

+ +  LHch . 0 #0 Lo £ 0 0 LHcb
B — J/ 7/} K Preliminary 5 1o BY — J/ 1/1 K Preliminary 5 BY — J/ 1/1 K. S Preliminary
V& =7TeV Data s V& =7TeV Data s V& =7TeV Data
2 2
8 H
& & 3
b
T 1 M H 107 L Il ."F u u
R J/w‘ &‘ proper time (ps) 2 B ° s ""”1"%5 proper time (ps

B2 — Jpo

L
Preliminary
B =7TeV Data

I

8 12 4
Jhpo proper time (ps)

Np

Events /(025 ps )

— RPN

m Fit signal using a
single
exponential

LHCb
Preliminary

Syst. dominated

by lifetime
acceptance

8 14
JhpA proper time (ps)

| Channel | LHCb prelim. (ps) | Yield | PDG lifetime (ps) |
BT = JRWpKT | 1.689 £ 0.0225tar. + 0.0475y. | 6741 + 85 1.638 £ 0.011
BO— JapK*0 | 1.512 £ 0.0324ar. + 0.04245. | 2668 + 58 1.525 4 0.009
BY— JipKY | 1.558 + 0.05651¢. + 0.0225ys:. 838 + 31 1.525 4 0.009
BO — Jhpo 1.447 + 0.064s:5¢. + 0.0565y5:. | 570 & 24 1.477 + 0.046
Np — JPA 1.353 & 0.108star. = 0.0355y:. | 187 & 16 1.391799%
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InC|Uding the biased triggered events (LHCb-CONF-2011-006)

Efficiency

To maximise sensitivity to ¢, we need as many events as possible.

= Add in the events coming through the biased trigger lines to gain
~ 30% in statistics.

Perform simultaneous NLL fit to independent datasets (unbiased + biased).

—o—

m Take acceptance from overlap

0.7F
0.6 + between the unbiased and biased
0.5F .
0.4F LHCb Preliminary trlggered events.
E \s=7TeV, L =36 pb*
0.3F .
ook m Acceptance also applied to
of background.

1 1
5 10

B - J/Ygpdecay time [ps]
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BO OSCi“ations in BO — D_7T+ (LHCb-CONF-2011-010)

X 1 ]
<E 0.8 I LHCb prleliminary E
0.6 \s=7TeV,36pb"
0.4 =
0.2 =
0

0.2 | '# | - E
-0.4) 1
-0.6 =
-0.8] =

! L L L
0 2 4 8
t[ps]

_ N(tagged as unmized)(t) — N(tagged as mized)(t)
" N(tagged as unmized)(t) — N(tagged as mized)(t)’

Apiz(t)

| Amg = 0.499  0.032(stat) + 0.003(syst) ps~*
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CP ViOIation in BO—> J/ZpKSO (LHCb-CONF-2011-004)

LR B AL LA BLRLELELE BRI B
0.6~  LHCb preliminary m
N \s=7TeV L=35pb'

0. 4:_ B = Iy K

Raw Asymmetry

o 1 2 3 4 5 6 1
t(ps)

L(B(t) — JA KS) = D(B°(t) — J/p K3)
L(BO(t) — J KQ) + T(B°(t) — JJ KYQ)
= SJ/¢ K3 SiIl(Amdt) - CJ/¢K(S] cos(Amdt) 3

If

Azppra(t)

Sy = 0537058, Cypra =0
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Proper time background model

10%

10°

ez 10?

.
1

T fVN‘MIw 1

proper time (ps) proper time (ps)

S

N

5
o
L

m Proper time distributions obtained in the low mass sideband
[5150, 5200] MeV/c? (red), in the high mass sideband [5350, 5400] MeV/c?
(blue) and background sPlot in the range [5200, 5400] MeV/c? (black),
normalized to the same area.

= Use same proper time background model across entire B mass.

Prig(t) = frp 107/t 4 fry ge /M2 4 (1 — frp ) — frp2)d(0) (2)
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POIarization amp|i Udes BO—> J/'lpK*O (LHCb-CONF-2011-002)

o~ = T T ~ T T
o < 700F ; H S oo
LD Preliminay 8 LHCb Preliminay LHCb Preliminary
B 600F g H = i » Kl
2 NE=7TeV,L=36pb " © Go0F VE=7Tev.L=36pb" E| £ 800f- \E=7Tev.L=36p0"
N
3 b ——— 5
2 700)
% 500 3

600
500
400]
300]
200)
100}

IS
]

w
8
S

N
S
S

.
S

—i

E 2
cos 8 ¢ [rad]

| Parameter | LHCb prelim. | BaBar PRD 76, 031002 |

[A(0)Z [ 0.252 % 0.020scar. =+ 0.016sysr. | 0.211 = 0.010sar. £ 0.0065yst.

|AL(0)]? | 0.178 + 0.0225ta¢. & 0.0174y5. | 0.233 & 0.010srar. & 0.005ysr.
5 -2.87 & 0.11gtar. & 0.10sysr. -2.93 & 0.085tar. + 0.04sysr.
51 3.02 4 0.10szar. + 0.07syst. 2.91 + 0.05tat. & 0.036y6.

m P — VV decay, so angular analysis required.
® Add non-resonant K7 (S-wave) to signal PDF (5+2%).

= Main systematics come from S-wave, background modelling and angular acceptance.
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S-wave contribution to B? — J/yKK

m BY— Jhb¢ decay rate only includes ¢ — KK (P-wave) in the KK mass
region.

O = 60 m) A5 (2) + [HQR(A)A5)  HR)S(ALAD + oR(A0A)] | (3)

The additional angular functions f7...1p of the transversity angles Q are defined as:

() = %2 [1—sin?0cos? ¢] , (4)
RB(Q) = 32% 6 sin 1 sin? 0 sin 2, (5)
HQ) = % 6 sin 4 sin 20 cos &, (6)
f0(Q) = 32%4\/5 cos ) [1 — sin? 0 cos? ¢ (7)

(8)
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Lifetime systematics

[ [ BT = Jpk™ [ B = Jwpk*® [ BY— Japo | BY— JwKS [ Ay — JA |

signal mass model 0.002 0.002 0.010 0.014 0.012
signal time acceptance 0.043 0.038 0.040 0.015 0.022
bkg. mass model 0.009 0.020 0.005 0.008 0.023
bkg. time model 0.003 0.006 0.003 0.006 0.006
time resol. model 0.005 0.005 0.005 0.005 0.005
momentum scale 0.001 0.001 0.001 0.001 0.001
decay length scale 0.001 0.001 0.001 0.001 0.001
quadratic sum 0.047 0.042 0.056 0.022 0.035

m Signal time acceptance correction determined from MC.

m Systematic assigned by ignoring this effect.
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B® — JiK*® systematics

Systematic effect [A) 12 | 1AL ? | 3y | 51 |
proper time acceptance - - - -

data/MC differences 0.008 0.006 0.07 0.05
statistical error of acceptance 0.002 0.001 - 0.01
wrong-signal fraction 0.004 0.001 - 0.01
background treatment 0.002 0.008 0.04 0.01
statistical error of background 0.008 0.005 0.02 0.01
mass model 0.010 0.002 0.01 0.01
s-wave treatment 0.001 0.013 0.05 0.05

[ total (quadratic sum) 0016 [ 0017 [ 0.10 [ 0.07 |

m Sideband subtracted data shows disagreement with MC.

m The MC is reweighted in several distributions.

m Fit is repeated with acceptance corrections determined from reweighted MC.
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Untagged BY — Ji)¢ systematics

| Systematic effect

|F5[PS’1] Al [ps™'] AL A (0P

Proper time resolution 0.0001 - - -
Angular acceptance - - - 0.0007
Acceptance parametrisation 0.0002 0.001 0.0017 0.0013
Proper time acceptance 0.0272 0.001 0.0003 0.0002
S-wave treatment 0.003 0.003 0.013 0.028
Background treatment 0.0002 0.02 0.0016 0.0012
Mass model 0.0004 0.004 0.0032 0.0006
Total (quadratic sum) 0.0274 0.0206 0.0136 0.0281

m Including S-wave in fit leads to instabilities with current event yields.

m Ignoring it leads to ~ 10% bias on ¢s.
m Need to include it to resolve 2-fold ambiguity.

m Neglection of 6.7% S-wave determined from toy MC.

m For the angular background, a flat background is used instead of the

analytic parameterisation.
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LHCb in 2010

m Forward arm spectrometer. b/b production correlated in forward/backward
direction. Access to By, B4, Bs, Bc, \p

m oy ~ 290ub in pp collisions at /s = 7TeV.

— Lo over Pl Nomber st 35 oy | (Tioris 578 LHCb Lumi over Fill Number at 3.5 TeV_|
T [2011-02-16 16:25:28)
5 E z ) T T ) T = r Delivered Lumi: 339.52 jpb
§ wp- « Delivered Lumi: 42.15 I £ : M:d o "m[.:m pr
F= Recorded Lumi: 37.66 | | 2wl hd SELTE D
% UF T T g 400
£ otResults. today. from.2010.data £ [ Prospects good for 2011!
3 F 5 F
E 3 C
g / 1T
$r £ ol Pk
g gt g
Rl 1150 1200 1250 EE 1 1ar 1a C
LHC Fill Number e 1700 5 1800 1850
LHC Fill Number




