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CP violation in Bs— /(W@

® |Interference between Bs Bs mixing and b—c(cs) decay s Vud + Vi Vea + VigVia = 0
S T TR
® Compared to B = J/PKs, assuming CKM is ‘all there is’: e ) o Emgsam,
rsin ;
0.5} Am, {
L oeg ¥
® frequency enhanced: Amgq = 0.5/ps = Ams = |7.7/ps = ool bl LA — |
E “ |Vub|SLj
. . -0.5} a a
® Acpsuppressed: sin(2B) = 0.69 — sin(¢d,)/V) = -0.04 - el
“1of | &
=l v
® But physics beyond SM could change this picture YR A T
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e small Br = requires copious source of Bs mesons e |
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® fast oscillations = proper time resolution : |
-0.05; sin 2 ;
L 4
e CPasymmetry = flavor tagging m e
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® VV final state = angular analysis
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LH C b Tracking Stations:

momentum charged particles

Vertex Locator:
Primary vertex ', A

/
Impact Parameters / Y,

/ ECAL HCAL
SPD/PS M3
RICH2 M| M2
/ T3
T2
A = T1
RICHIY =
rte =
- 004to 5
1 o
Lj/ |
RICH 1&lI: Calorimeters: ~ Muon System:
PID: TT,K,p PID: e,y,TT° PID: u
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LHCb Roadmap for Bs = |/W

§
; 0.5 FCDF@FPCPZOIO,S.Z fb-!
2 I
< Expected sensitivity for
© ' 1) time-dependent,
04 - 2) three-angle,
3) flavor-tagged
i analysis
0.3 - o : at /s = 7 TeV
L LHCDb preliminary 7TeV; o(bb)=292ub
—— Uncertainties on g(bf)) Assuming MC performance:
! and BRvis(B2—J/Apo) 35k events selected / fb"!
0.2 - i <0¢> = 0.038 ps
|os_r,ese.FLitltCﬁh?iiiuéiz,i'ltffig(fH)éb eD?=6.2%
0.1 |
0_||||||||||||||||||||||||||| | | | |
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Integrated Luminosity (fb ')

see arXiv:0912.4179v2 for more details, variations
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Luminosity

—
2 390 ol Luminosity delivered :339 nb-
c — otal Luminosity delivered : nb-
= F T
—  Total Luminosity recorded: 295 nb-!
2 300~
3 —  LHCb Efficiency: 87 %
c _
£ 250 s 8 collidi
- | _ ;ﬁ:‘ = Luminosity/bunch cofiiding
=l . = F bunches .
- = F already exceeds
8 200— 2 1'Z:dengn value for LHCb!
] — E -
S £ 3 F
&',) : § 0.8—
£ 150— £ of
- : E 0.45— -
100— = °*F
: O_ 100 120 I 140 — 16I0 — 18I0 — 2(;0
— Days since 1 January 2010
50—
— ——2 I I < |4 nb'lI
0 100 120 140 160 180 200

Days since 1 January 2010

results shown: either 14 nb"! or 140nb"!

140 nb"!

current projection: ~200 pb-! end of 2010 — ~1 fb"! end of 201 |
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6000 LHCb Nsignal = 44240 = 301
Preliminary B/S = 0.567 = 0.0067

_ m, = 3089.9 = 0.11 MeV/c?
\'s =7 TeV Data O = 16.5 = 0.1 MeV/c?

Jp

Spectrometer layout provides excellent

Events/5MeV/c?
3
S

. JLdt =140/nb
momentum resolution 4000 ™ -3 MC
Alignment steadily improving: 3000
22 | -Performance of the Tracking System at the LHCb
: ’ 2000
Experiment
1000
0 L L L L | L L | L L | L
2900 3000 3100 3200
w*uw invariant mass (MeV/c?)
> 19— - - - | - - - - —
c - .
Q1= —— 9
l."% : . —e —:l:—_'I:—l— :
Forward detector geometry provides f_’ 09  —¢— | E
. g b - | ]
muon ID + trigger capabilities at low pr £ ggre—  —e— =
For more details on LHCDb trigger, é ; ]
see 472-LHCb trigger system ~l 0-75 B
0.6E =
} LHC_b _ —e— DATA (86.9= 3.0 %) -
0.5! Preliminary E
] [ \s=7TeV —— MC (86.6 = 0.1 %) ]
0.4 [ 1 1 1 1 1 1 1 1 1 | N
0 5000 10000
pr(J/p) (MeV/c)
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(Non-prompt) J/Y

" ——r —— ———
Q. JLdt = 14/nb )
S ~  LHCb
s 10 Preliminary
Utilize forward production: = \Js =7 TeV Data
)
oy H o 10 A Sidebands
........ = Py ‘o0
@ “ ‘0 ”” ’*
Z» " ﬁ + ++
to construct a “psuedo proper time’: 1 t i
“J/¢y — <PV - ' :
tz — mJ/TP 2 4
Pz,J /4 t, (ps)

Clear evidence for
non-prompt J/Y

See 205-Prompt |/ and b—)/\p X production in pp collisions at /s = 7 TeV
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Non-prompt |/\P

S.4.2010 1:30:09
Run 69618 Event 12484 bld 1786

nb: X = bending plane
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LHCb data RICH1  LHCb data Crucial for flavor tagging.
(pre||m|nary) (preliminary) BS_’ ‘/Ll)(p MC:
’ o p Kaon ring Eag(1 — 2w)* %
pion ring 7/ /.m..\g/ 10 0.76+0.05
« I e 0.38 +0.04
. Kopp 1.25+0.07
Ksame 2.39+0.10
Qvtx 109:|ZOO7
Combined | Q.,, =3.32+0.11
Use @@ = K*K- where one leg is required to have RICH K-ID Combined | Qu =6.23+0.15
=> use other leg as source of Kaons to determine K-ID efficiency
o - Ak e [ ———— - > T T T R =0 -
L - LHCb prae yield = AIB1=51 | 1 & [ LHCb K*— K*: (98.34 = 0.26)% -
%10000-_ pre||m|nary peak_yield = 135140 = 658 ~ [ 1_2__ Preliminary s K (18.39 = 0.03)% ]
p— | \'s=7 TeV Data - é’ T \s=7TeV Data -
= 80001 - TR it PO E
C ] _ —_— i
g N - 0.8 . [ —
@ 60001 . ' 1 ]
o i . 0.6 sce 214-Particle ID in LHCb -
&y 4000 - 04: -]- -F
2000 ] - "I’+++ .
0 —1L . A P _ ol w0 1x10°
1000 1010 1020 1030 1040 20 40 60 80 100
m,, (MeV/c?) Momentum (MeV/c)
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First B* — J/Q K" candidate

=
3
3

T~ M(/WK) = 53267 £ 10.9 MeV/c?
p(/WK) = 62.7 GeVic
pT (J/WYK) = 10.48 GeV/c
~_ L =2.03 mm
S~ cos(a) =0.9999

(INERENNERNNRRRENEE

)

T T ‘I
l 12

5.4.2010 1:30:09 Note: this is the projection in the transverse plane, X [m m] —
Run 69618 Event 12484 bld 1786 Vertex separation is much larger in 3D.
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= JP K

LHCb
Preliminary
\'s =7 TeV Data

i note: \I/vithout]/kp mass constraint.,
4 6 8 10

t (ps)

Unbinned likelihood fit of m,t |O%
Expected yield from MC: ~71| events (using LHCb value of o(bb))

fLdt = O(140/nb)
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fLdt = O(140/nb)

| m(J/yp K*) - m(B*) | > 75 MeV/c?

LHCb 2 F
Preliminary g LHCb
\'s =7 TeV Data = T Preliminary
2102 \'s =7 TeV Data
S E
s w B
- <o.> = 0.068 ps
: 10
1 ( ¢ (
S Inol'ce: \I/vithloutI]/Lplmalss clonsltrailnt.. { “ “
2 4 6 8 10 -1 1 1.5 2

t (ps) h ' t (ps)

Unbinned likelihood fit of m,t |O%
Expected yield from MC: ~71| events (using LHCb value of o(bb))
Proper time resolution: ~1.7x MC, but sufficient compared to Ams ~ 17.7/ps
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LHCb
Preliminary
\'s =7 TeV Data

note: \I/vithout Jp mass constraint.,
2 4 6 8 10
t (ps)

Unbinned likelihood fit of m,t |O%

| m(J/yp K*) - m(B*) | > 75 MeV/c?

2 F
8 [ LHCb
S r Preliminary
L2102 \'s =7 TeV Data
i f
i <o.> = 0.068 ps
10

| m(J/y K*) - m(B*) | <75 MeV/c?

2 F

S LHCb

ST Preliminary

.21025— \'s =7 TeV Data

€ F

>

Yot <> = 0.068 ps
10

E
| —

Expected yield from MC: ~71| events (using LHCb value of o(bb))
Proper time resolution: ~1.7x MC, but sufficient compared to Ams ~ 17.7/ps

fLdt = O(140/nb)
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= JP K

LHCb
Preliminary
\'s =7 TeV Data

note: \I/vithout Jp mass constraint.,
4 6 8 10
t (ps)

*E" LHCb
Preliminary Nsigna = 41+ 8
\'s =7 TeV Data

NN
SN

o, =22+ 5 MeV/c?

Events / ( 25 MeV/c?)
o » > ®

-
[=]

SO N A O O

5050 5100 5150 5200 5250 5300 5350 5400 5450 5500
m(J/y K*) (MeV/c?)

Unbinned likelihood fit of m,t |O%

| m(J/yp K*) - m(B*) | > 75 MeV/c?

2 F
8 [ LHCb
S r Preliminary
L2102 \'s =7 TeV Data
i f
i <o.> = 0.068 ps
10

1 1.5 2
t (ps)
| m(J/y K*) - m(B*) | <75 MeV/c?
@ -
e [
s LHCDb
ST Preliminary
.21025— \'s =7 TeV Data
= F
i <o,> = 0.068 ps
10
1 E- m | “ “ |
] AL
-1 2 3 4 5
t (ps)

Expected yield from MC: ~71| events (using LHCb value of o(bb))
Proper time resolution: ~1.7x MC, but sufficient compared to Ams ~ 17.7/ps

fLdt = O(140/nb)
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LHCb
Preliminary
\s =7 TeV Data

m(J/y, K™ &Mewuqz)
S
o
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W
(=4
o

5250

5200
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5100

note: without J/\P mass constraint..

t>0.30 ps

4 6 T
t (ps)

N
o

LHCb

Events / ( 19 MeV/c?)
> o o

-t
o

Preliminary
\s =7 TeV Data

—h
N
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

2

:LI_IIIIII

I-I’I’I Ll

L ] g e iadagaalg

N =33=+8

Signal

%300 5150 5200 5250 5300 5350 5300 5450

mJ/y K% (MeV/c?)

Unbinned likelihood fit of m,t |0 _
Expected yield from MC: ~34 events (using LHCb value of o(bb))
Proper time resolution: ~1.7x MC, but sufficient compared to Ams ~ |7.7/ps

| m(J/yp K©) - m(B:) | > 65 MeV/c?

-

N
210% |-
i LHCb
St Preliminary
s | Vs =7 TeV Data
c
I%102§-
- <o>=0.074 ps
10

0.5

‘ | m(J/yp K©) - m(Bg) | <65 MeV/c?

‘éhﬂsz' ”

e E LHCb

2 F Preliminary

PR \'s =7 TeV Data

§102§'

woE <o>=0.074 ps
10

fLdt = O(140/nb)
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Bs = /Y @

< i

LO600E* & LHCb

25550 Preliminary
5 \'s =7 TeV Data
g

)

B

nIIIIIIIIIIIIIIIII IIIIIIIIIIII IIIIIIIIIIIIIIIILI

note: without J/{) mass constraint.}.
L I L L L I L L

6 ) o

2 4
t (ps)
t>0.30 ps
% °F LHCb
2 [ Preliminary Ngjgnar = 7 = 4
3 5[ \s=7TeV Data
I F
(7)) -
£ 4
c 40
> -
wor
3r

Not inconsistent with the MC expectation of ~7 events....

5150 5200 5250 5300 5350 5400 5450 5500 5550 5600

m(JAp ¢) (MeV/c?)

I m(J/yp ¢) - m(B) | > 65 MeV/c?

@
2|
- LHCb
2 F Preliminary
e L \/'s =7 TeV Data
[=
& 10 3 <o,>=0.073 ps
1 E- < < ® 3
10-1 E- 1 R B Il Il 1l lil
-1 -0.5 0 0.5 1 1.5 2
t (ps)
‘ | Ay ¢) - m(B) | <65 MeV/c?
210
s £ LHCb
S F Preliminary
[ i \'s =7 TeV Data
qc.\ 10 9
- <o>=0.073 ps
1 E b <
E ,l 1 “I. 7 [ |
-1 0 2

t (ps)

fLdt = O(140/nb)

Resolution about |.7x MC, but, once more, already sufficient compared to Ams ~ 17.7/ps
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\ LHCD
\\
‘\\\ \\\
s
\
BS \\ m(MM) = 3072 MeV/c?
= m(KK) = 1020 MeV/c?
\\ m(UUKK) = 5343 MeV/c2
x\ \\
e \\ X% / nDOF = 0.8
N\ t/o(t) =78 (L =20 mm!)
\ cos(a) = 09999998
phi
Run number = 72330
Event number = 78621879
Note: this is the projection in the transverse plane, Xz Y

Vertex separation is much larger in 3D.
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Summary & Outlook

o
© P
® L[HCb fully operational ; 0.5 «— CDR@FPCP2010.5.) f
® Currently 295 nb"! collected ol
® Hope for 0.2 fb-! by end 2010, _
and | fb-! by end of 201 | 03 L

LHCb preliminary 7TeV; o(bb)=292ub

1 . i — Uncertainties on o(bb)
* InO(I40nb7) - and BRvis(B2—J/y¢)

0.2

o N(B*=J/PK*) = 418

o N(BO—J/PpK*) = 338

o N(B—)/Wep) = 744

0 01 02 03 04 05 06 07 08 09 1
Integrated Luminosity (fb™')
® Propertime resolution already A A

sufficient for CP measurement

e Alignment improving with more data oy Rl _

0

—— Ry

»

"-.\.'. " ﬁli ¢
F o SR Mﬂ
d i
gires!
\ T
AN
)
|
|
!

E =

’

® Exciting & busy times ahead! ICH EP

714 events 35k events?
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Backup
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LHCDb

L I\/Iuon det | _ B vioenet | RICH-1 bl

| =
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and pile-up!

s !
N - I .
Tz 12 Instantaneous Lumi now . . .
> F O(1%) of design luminosity....
2 [ exceeds 1039 cm2s!.... ' . 5 ,
2 ... but with only O(0.3%) of the # of bunches!
E F |
- o0s8}—
7] -
s
§ °°[ #pp interactions/crossing
s [ Poisson-distributed with mean n = Lo/f
A 1.0 I
E C *? : LHCb :
a 02— - 0 design -

N s 0.8+ .

0 Lo te vae smeiomi st A/ R I o 7 .

1000 1050 1100 1150 1200 8 |
A LHC Fill Number Ay - nominal scenario, .
20 250 0.6 H.e. 2808 bunches... N
a _
O 200 i
o
S 0.4f -
E 150 _ |
f) L
}é 1.00 0.2+ 7
g I /
S 050 .
v 0.0

000 10™ 10* 10
PO O e s St S N SV Luminosity [cm-2 s-1]

LHCDb running (in this aspect) beyond the nominal scenario

Re-use experience from the ongoing LHCb upgrade planning!
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1600512,

o~ T | | )]
= Q
= 1400 LHCD ©
= - Simulation e
< L 2 LHCb
.2 1000F o,,,.. = 1.7 = 0.1 MeV/c? = Simulation
>
w o, =457:0.1fs
600
400
200
0 M M M M | M M M | M M M M
2900 3000 3100 3200 3300

m,. - (MeV/c?)
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Bs— /W@ MC:angular resolution
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ul =-0.0000491 + 0.000034 ul = 0.00001+ 0.00012
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~ - Git - 88;223 _000'8(13219 ~ 00 C 02, = 0.005030 = 0.000045
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O F 5 — 04817 » 0.0049 Q o f1 = 0.3514 = 0.0046
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15000 | — 8000 (—
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g 18000 " u2 = 0.00011+ 0.00021
o = +
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~ 14000
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C 12000
)
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4000
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| Mistag Opposite side |

o
o

0.55

0.5

0.45
0.4
0.35

0.3

RRRRERRR=S

0.25

2/ ndf = 18.42 /17

po 0.3782 + 0.0049

p1 0.001624 = 0.000598

|

TT T T [T T T T [T T[T T T T[T T T[T T T T[T T[T TTT

=

o
d\i\\\\

Figure 20: Mistag rate as a function of the B signal transverse momentum. Left: com-
bination of all opposite side taggers in BY — Ja)¢ events. Center: same side kaon tag in
BY — JAib¢ events (black, upper box) and superimposed B? — D_ 7t events (red, lower

L1 1| \\‘\\\
2 6 8 10 1

2 14 16 18 20
B signal pT (GeV/c)

| Mistag Same side kaon |
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0.45
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0.25

2/ ndf =13.35/17

po 0.4123 = 0.0075
p1 -0.00971 + 0.00087

v2/ndf=17.02/17

po 0.4113 = 0.0067
p1 -0.0107 + 0.0007

o
N

\\\‘\\\
10 1

2 14 16 18 20
B signal pT (GeV/c)

box). Right: same side pion tag in Bt — JA/K™ events.

tag signal region

tag signal region

é0.00Q%)

Events /.

| Mistag Same side pion |
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N x2/ ndf =24.76 / 17
0.55 po 0.4332 = 0.0072
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Figure 21: Mistag distribution for correctly (left) and wrongly (center) muon tagged
BT — JA(up)K™ signal events. On the right the dependence of the measured mistag
on the probability of mistag is represented. The best fit calibration curve w,(n,) =

p0, + pl,(n, — 7n,) is superimposed.
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By — Jib(pp) 9(KK)
Etag(1 — 2w)* % Etag N0 w %
Individual taggers
[ 0.76 £0.05 5.77+0.08 31.94+0.6
e 0.38 £0.04 2.91+0.06 32.0+0.9
Kopp 1.25+0.07 15.06 +0.12 35.64+0.4
Ksame 2.39+0.10 26.37+£0.15 34.94+0.3
Qvix 1.09+0.07 44.354+0.17 42.140.2
Combination of opposite side taggers only
cat#1 0.34 +0.04 28.18 £ 0.15 44.54+0.3
cat#2 0.514+0.04 6.89 + 0.08 36.4+0.6
cat#3 0.68 +0.05 4.7940.07 31.14+0.7
cat#4 0.894+0.05 3.57+0.06 25.1£0.8
cat#5 0.9040.05 2.18+0.05 17.94+0.9
Average 2.184+0.10 45.61 £0.17 | 39.0740.24
Combined | 3.32+0.11 45.61 £0.17 | 36.51 +0.24
Combination of all taggers
Average 4.454+0.14 55.71+0.17 | 35.88+0.21
Combined | 6.23 +0.15 55.71+0.17 | 33.27 £0.21

Table 15: Results of flavour tagging obtained for B — Jib¢ events passing Level-0, for
the individual taggers and for their combination. Average: result from the global tagging
decision for all events together. Combined: results after splitting into the 5 categories
and summing the effective efficiencies. Uncertainties are statistical.
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Semileptonic Asymmetry

¢§M — 92 arg( Vti: th) _9 arg( Vcb Vc*s) i 5Penguins _ _268 i 5Penguins
Qbs — gM T quA 3

AT = 2|133'| cos(¢iy + ¢5)
o T3 sin(oft + )
M3 Al
In the above equations, ag is the flavour specific asymmetry and

SM
M — arg (— W2 ) .

SM
r12

In the Standard Model, ¢5M = (3.40732) x 1073 rad while
23, = (3.6 £0.2) x 10~ ? rad.
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Semileptonic Asymmetry
LHCb, | fb! [ thesis R. Lambert]

-0.01

-0.02

IIIIIII

- LHCb MC
-0.03 @ -1fb
- If afs —SM

IIIIIIIIIIIIIIIIIIIIII

0.04-0.03-0.02-001 0 0.01

d
asl

assumes AP central value and no NP in B°
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LHCD
|- %

PV resolution

& Vertex resolution

E Measure resolutions by
randomly splitting track
sample in two

Compare split vertices of
equal multiplicity
Method validated with MC

x? [ ndf 14.83 / 20

X PQSOIUTion Prob 0.7859

. . X res 0.07913+ 0.0004682

.. Y resolution 75

- Prob 0.2837

', Yres 0.07605+ 0.0004421
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@ PV resolution (x,y,z) with 25
tracks:
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B MC (115, 11.3, 57) um
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@ Room for improvement:
alignment, material
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ngcl‘) Impact Parameter resolution

& IP resolution:

[—
T
Impact Parameter (IP) is defined as the closest I;
distance of each track to the primary vertex: -

Measure x and y component of impact parameter z

Assume all tracks originate from primary
interaction point -

Measure resolution as spread of IP distribution
@& IP resolution up to 20 um for the highest pt bins

& Room for improvement: alignment, material description
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