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LHCb at CERN

Two general purpose experiments (ATLAS and CMS), one - &%=
dedicated b-experiment (LHCb), and one dedicated heavy ion
experiment (ALICE).
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B Physics@Hadron machine
e b-qark first discovered by a hadron machine in 1977
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B Physics@Hadron machine

e b-qark first discovered by a hadron machine in 1977

 For many years, B physics had been dominated by
the ete™ machines: poris, CESR, VEPP, LEP, ...

Tradition continued with PEP-II and KEKB

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada 4



B Physics@Hadron machine

e b-qark first discovered by a hadron machine in 1977

* For many years, B physics had been dominated by
the ete™ machines: poris, CESR, VEPP, LEP, ...

Tradition continued with PEP-II and KEKB

* Experiments at hadron machines, 1.e. fixed target,
with “limited” results: CERN: Beatrice FNAL:E866/E789/E772, E771
b cross section measurements (with large error bars)
— simply not enough b’s and too small 0,/ ;..
The last attempt being HERA-B
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B I chine
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B Physics@Hadron machine

b-qark first discovered by a hadron machine in 1977

For many years, B physics had been dominated by
the e*e™ machines: poris, CESR, VEPP, LEP, ...

Tradition continues till PEP-II and KEKB

Experiments at hadron machines, 1.e. fixed target,
with “limited” resultS: CERN: Beatrice FNAL:ES66/E789/E772, E771
b cross section measurements (with large error bars)

— simply not enough b’s and too small o,/0
The last attempt being HERA-B

1992 CDF reconstructed B—J/4pK

B physics with a hadron machine at high energy
looks feasible!

D0 and CDF contributed a lot in lifetimes, CPV, and
oscillations. (in particular tor B,)

inelastic
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New physics in B, @ hadron machine?

* CPVinB,—JAhpp time dependent CP asymmetry

oC Q1 JIyd 7
68 % CL and 95% CL sing, Y sSinAmt

DO: 6.1 fb7}

CDF: 5.2 fb-1 ¢ SM prediction

—
~

AT, [ps™!]
-
(NS
lllllllllllllllllllllllll

=
-

......
-

-
-
X
»
L4
o X
* .
. e >
4 .
.
.
' .
. Y
. .
~
s
- - ~ -
e
— ...
— ~
— .
— A
— .
.
= .
.
.~ N
—
. '
-
~ N
P

-
L

-
-----

|
S
s

(I» AT KRR ERERY
o

|

)

)

N\

(S

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada



New physics in B, @ hadron machine?
CPV in B_-B, oscillations

Pr(B,.—B,)
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0
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New physics in B, @ hadron machine?

e B.—utw GIM and helicity surpressed in the
Standard Model.

 New physics can introduce large enhancement
e Current Tevatron observed limits still large

Tevatron results
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New physics in B; @ hadron machine?
* Apg in B,—K*u+u-
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They are somehow related

and B.-B, oscillation . )
oc arg(M;,) B ! v i
W+ —_ W+ +
b, A b, ¥ W W-
t t t A% b T 3
S’ N b> S’ W M»_ < < <
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They are somehow related

B,—K uu
uw w
v

A W~
b.3T3 5

and B.-B, oscillation
oc arg(M;,) B
W+ — W+ n
b, A2 b, A
t t t \Y
S’ W b> S’ o M»_

and more related diagrams I:;&";<
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They are somehow related
and B.-B, oscillation
oc arg(M,,)

b, JWAS b WO W
{

g

S Swo b s T

All could contain  p
loop of virtual
New Particles
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More topics with hadron machines
» CPasymmetries in B,—K*n' # B,—K*x"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada 15



More topics with hadron machines
» CPasymmetries in B,—K*n' # B,—K*x"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

— Hadron machine: studies with more channels, e.g.
B,—K*p', B(—K'n*,
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More topics with hadron machines
» CPasymmetries in B,—K*n' # B,—K*x"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

— Hadron machine: studies with more channels, e.g.
B,—K*p', B(—K'n*,
e CP asymmetries in b—sX # b—cX?
— Was a “suggestive” case for new physics...
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More topics with hadron machines
* CPasymmetries in B, —K*n' # B,—K*r"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

— Hadron machine: studies with more channels, e.g.
B,—K*p', B(—K'n*,
e CP asymmetries in b—sX # b—cX?
— Was a “suggestive” case for new physics...
— Hadron machine: add high statistics B,—¢¢
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More topics with hadron machines
» CPasymmetries in B,—K*n' # B,—K*x"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

— Hadron machine: studies with more channels, e.g.
B,—K*p', B(—K'n*,
e CP asymmetries in b—sX # b—cX?
— Was a “suggestive” case for new physics...
— Hadron machine: add high statistics B,—¢¢

e C_.#07?7(CPviolation in B—m*n” decay amplitudes)
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More topics with hadron machines
* CPasymmetries in B, —K*n' # B,—K*r"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

— Hadron machine: studies with more channels, e.g.
B,—K*p', B(—K'n*,
e CP asymmetries in b—sX # b—cX?
— Was a “suggestive” case for new physics...
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e C_.#07?7(CPviolation in B—m*n” decay amplitudes)
— Hadron Machine: much more statistics
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More topics with hadron machines
* CPasymmetries in B, —K*n' # B,—K*r"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

— Hadron machine: studies with more channels, e.g.
B,—K*p', B(—K'n*,
e CP asymmetries in b—sX # b—cX?
— Was a “suggestive” case for new physics...
— Hadron machine: add high statistics B,—¢¢

e C_.#07?7(CPviolation in B—m*n” decay amplitudes)
— Hadron Machine: much more statistics
e v from the tree =y from the loop?
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More topics with hadron machines
* CPasymmetries in B, —K*n' # B,—K*r"!
— Experimentally established effect by Belle (Nature 2008)

— Physics interpretation, Standard Model due to hadrnic
interaction effect or New Physics

— Hadron machine: studies with more channels, e.g.
B,—K*p', B(—K'n*,
e CP asymmetries in b—sX # b—cX?
— Was a “suggestive” case for new physics...
— Hadron machine: add high statistics B,—¢¢

e C_.#07?7(CPviolation in B—m*n” decay amplitudes)
— Hadron Machine: much more statistics

e v from the tree =y from the loop?
— Hadron machine: much more statistics
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LLHCb Detector
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Quick reminder for LHCb

LHCDb is a forward spectrometer dedicated for flavour physics

| M4 MS

M2

Sm [— SPD/PS HCAL

Magnet

Vertex
Locator

—5m —

10m
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Quick reminder for LHCb

Forward: p, threshold can be set low: — high b efficiency

For triggering.... p>p...
muon: 1dentification hadron: energy resolution

P <pmin

= 0n/E = V10%IVE

P >pmin
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Quick reminder for LHCb

Forward: p, threshold can be set low: — high b efficiency

For triggering.... p>p...
muon: 1dentification hadron: energy resolution

P <pmin

= 0n/E = V10%IVE
p > p min
central detector forward detector
I |
/‘ P =PL >p min
i P=Pr>Pmin *H
P > < P P > < P
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Quick reminder for LHCb

Can exploit low p; particles to trigger more b-hadron events

= ————————————————— Oj;; expected in pp collisions at
S e ERFEEE S EEFEES SR R Vs =14 TeV: 500ub
2 L 5%10'! bb pairs in 107 s with
5 0% L=10%cm™2s™!
= F
B First level trigger based on
10 k- medium p trigger (hardware)
;é:::§::::::::::::§:::::::::::: o 40MHz—1MHz
- | readout@l MHz to PC farm
1 | | L1 | L1 | L1 | _ 1 | Software trigger for the rest
N 0 2 ! ¢ 1MHz—2 kHz

eta of B-hadron

data logging@?2 KHz for offline

Very flexible and efficient trigger
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231 November 2009

* First collisions took place at LHC
e 2009 run: [Ldr=7 ub’l, at Vs = 900 GeV

= 10 +

; E o Q
23.11.2009 17:59:29 g - | +
Run 62558 Event 278 .'g - o _ | #

o ,f |
ﬁﬂfi,
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© UAl pP &0GIV -25<n<25 d
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One of the first event K" cross sections
(PLB2010)
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e Since March 2010, running at Vs =7 TeV with a
steady improvement in JLdf and very high DAQ

LHC running in 2010

efficiency

LHCDb Integrated Lumi over Fill Number at 3.5 TeV [ 2010-11-15 06

:00:04 |

Integrated Luminosity (1/pb)

5

""" L Delivered Lumi: 42.15
L Recorded Lumi: 37.66

S

i [__etegrated LHCh Efficiency breakdown |

: FULLY ON: 90.3 (%)
............ HV: 0.8 (%)
: Velo Safety: 2.3 (%)
: DAQ: 4.9 (%)
............ Deadtime: 1.7 (%)

.....................................................

.................

B T T T T LT T S TTTTTTTTTTTTTTTITITICPPITY PP PPN PPN P P PPN PN

1350 1400 1450
LHC Fill Number

1250 1300

38 pb~! of data recorded

90% efficiency
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O,; measurements with very early data

b detection from b— DK m*)u"X (PLB 2010)
[L dr=25nb! data

Inclusive D:

- b A L ' L v L v ' . A A o ' . . L L ' L

L1200~ LHCDH Nyong = 12284 + 135
2 Preliminar m, = 1862.559 + 0,094 MeV
= 1000 y .= 7.14 + 0.56 MeV

o \s =7 TeV Data o /a,= 1.662 +0.094

~ 800 f,= 0.40+0.16

n

vt

=

@ 600

>

w

o o 1 M 2 2 2 1 2 2 2 o 1 2 2 o o 1 2
1800 1850 1900 _ 1950
m(K*) (MeV/c?)

Clean D signal with hadron PID
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O,; measurements with very early data
b detection from b—D(K ") u X

—————
Inclusive D: ~ hée
dominated by the prompt production 199 Prompt Preliminary
o AR I L B P L B IR [ Vs=7TeVData |
Y1200 LHCb Ny on = 12284 £ 135 - 800} i
> Preliminar m, = 1862.559 + 0,094 MeV] ©
= 1000 ' y o,= 7.14 £ 0.56 MeV g [ ; 1
o~ \'s =7 TeV Data o,/a,= 1.662+ 0.094 ‘g 600}
< 800 f,= 0.40+0.16 o I f | )
@ w
S 600 e | /
>
w [ |

400 200} \

200 i R

0 ~—— S
o S——— Aedd— Al ——r—— + 1 o 9 o+ 1 4 4+ 2 1 4 4 4
1800 1850 1900 _ 1950 -6 -4 .
m(KT*) (MeV/c?) In(DO IP/mm)

IP(D from b—D) > IP (prompt D)
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O,; measurements with very early data
b detection from b—D(K nH)u X

Adding w with a right sign enhances D from b:
e.g. B—=DY(—=K n")u™X [B—D—K*n")u"X only through DCSD]

_ ~ — ™
W d Tt Y K
) Vv ) u //‘<u
b L » C L » S < L » d
_B~ DO_ - K- — T
u ¢ u ¢ u < u
- x (0.222 Y
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O,; measurements with very early data
b detection from b—D(K nH)u X

Adding w with a right sign enhances D from b:
e.g. B—D(—KH)u X [B—D%—K*x)u X only through DCSD]

with right sign muons with wrong sign muons
50 p—r———————r—r— T —————
«F LHCD “F LHCb | ' '
e = 45 al m
o Preliminary - - DfB oF  Preliminary
; Vs =7 TeV Data O e ;; \Js =7 TeV Data
o 35 o 35 :
~ 30 = 30 sidebands
2 25 ' 2
g 0 . 5 Prompt
18P rompt =
10 i < |deb1:1nds
5 <
0 » .’ """" ML 1 2
-6 -4 2 0 2 . -
In(IP/mm) In(IP/mm)
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O, measurements with very early data
b detection from b—D(K ") u X

50
® Theory | Nason, Dawson & Ellis
40 -
A Theory Il Nason, Frixione,
Mangano & Ridolfi
dg 30
d " 20 - Theory
(ub) uncertainty
10 4
0 r
2 3 4 5 6
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O,; measurements with very early data

b detection from b—J/pX

o~ t_ L L B R L R R S L R
£1000 } LHCb _
% - Preliminary -
= B '-I- Vs =7TeVData |
© 800 | | -
- . | | L=142nb .

o [ ¥ |
g GN‘- | * =

o .
> L | i
w [ d )
:&ﬂ%ﬁ%; '~ I
200 W ity 5]
o
2800 3000 3200 3400

M(u*p) (MeV/c)

Clean u*u™ mass distribution
with [L dz = 14 nb™! data
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O,; measurements with very early data

b detection from b—J/pX

proper time distribution of J/a
prompt J/a

JAp from b

>» T

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada
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O,; measurements with very early data

b detection from b—J/pX

proper time distribution of J/a

prompt J/4 with detector
resolution

JAp from b

negative proper time important for studying resolution
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O,; measurements with very early data

b detection from b—J/pX
proper time distribution of J/Ap combinatorial
prompt JAp with detector background
resolution with

prompt tracks
and b tracks

JAp from b

negative proper time important for studying resolution

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada 41



O,; measurements with very early data

b detection from b—J/pX

Proper time distribution with [L d¢f = 14 nb™! data

= "'ILl'-i'c'bI"'I"'l"'"'I;Inéta"l I
Q. e Total
o 10° Preliminary S
S s =7TeV Data B Prompt Uiy
‘d&; 10° L =14.2 nb-’ Iy from b
@ 10
JAp with a long :
proper time
1
due to b-hadron ‘“
decays L e e 10
t, (ps)
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O,; measurements with very early data
LHCb o,z from b—D%uX and —J/pX

Dp o 2<T|<6
LEP frag fractions Jy I +——+
(77.4+4.0+11.4) ub  Average | —o—
D I +——+
Tevatron frag fractions  Jjy | ——i
(88.3+4.5+13.0) ub ~ Average ; +——t
Theory MCFM *
NFMR
0 20 40 60 80 100 120

o(H,/2) (ub)
G, in 47 =292 + 15 + 43 ub (with LEP B /B /B /A,)

—agree with the Pythia used for the performance studies
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Comments on 2010 running condition

» Most of the data at vs = 7 TeV with

— 1 e =10 & already nominal value
—f(*=35m < nominal 0.55 m for 10°* cm™s™!

— Nyynen = UP t0 344 < nominal
— L=1x10°2cm™s™! & nominal

160 [—
140 [
120 [

100 [—:

@
=]

(=]
=]

3

»n
=]

il

o
®

1 1 1 1 1 1 1 1
180 200 220 240 260 280 300
Days since 1 January 2010

Peak Instantaneous Luminosity (10230/cm#2*s*1)
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| Peak Instantaneous Lumi over Time at 3.5 TeV | [ 2010-12-08 06:00:04 |

Factor 100 increase
1n ~one month
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Comments on 2010 running condition

e Most of the data at Vs = 7 TeV
at 80% of the LHCb nominal luminosity (2x103?)
with 10% of bunches, i.e.
> 6 times more pp interactions/bunch-crossing than
designed

|__Peak Mu over LHC FillNumber | [ 2010-11-26 06:00:04 | Multlple prlmary Vertlces
21— o Higher track multiplicities
- W= pp Interactions/ | E o
Jf]..crossing . A— - 78|

More difficult to trigger
More backgrounds

s b - But the detector worked well
sl TR as you will see now.

1400 1450
LHC Fill Number
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Prospect for B—hh

e Particle identification 1s crucial

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011
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No particle identification = any 2 hadrons!

Prospect for B—hh

600 f—LHCb
- Preliminary
500[\'s =7 TeV Data

(35 pbY)

Events / ( 0.025 GeV/c?)

large width

u = 5.2457 + 0.0013 GeV/c?
Vi = 3268 = 205

Ve = 2812116

Ve = 2124 =100

o= 0.0402 + 0.0017 GeV/c?
c,=-29.5=14

S, = 1.71=0.23 c*/GeV

B — h* h-

S 5.1 5.2 5.3

0-""1""[""|"

5.4

5.5 5.6 5.7 5.8
Invariant mass (GeV/c?)
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Prospect for B—hh

No particle identification = any 2 hadrons!

~160
_ u = 5.2457 + 0.0013 GeV/c? o [ u, = 5.3612 = 0.0020 GeV/c
- 8 comd -
v F vin = 3268 = 205 i 3140_—LHC.b ) A o= 0.02300 + 0.00090 GeV/c?
3600/ LHCb Vi = 281116 particle i [ Preliminary v = 254220
g‘, Epreliminary Von = 2124 =100 . . . g120 _'__\I§= 7 TeV Data
S500f\s=7TeV Data o = 0.0402 + 0.0017 GeV/c? |dent|flcat|0n <100
= 5100
< FE(35pbt! c,=-29.5+ 14 - 0 _s + )
‘3400_—( pb) s, = 1.71=0.23 c¥/GeV of 2 Kaons 2 8ol BS K* K
< .
o -
lu -
60/
300 BO > h* h- > E
200 404
- . 20
1o~ large width
= PR e SAF D Lor ot B R e S AN R T [ v M
C , | | . | : . 3 51 52 53 54 55 56 57 58
05 ~—51 52 53 54 55 56 57 58 Invariant mass (GeV/c?)
Invariant mass (GeV/c?)

particle identification of 2 = l BL—>Kn & BY—>Kn
BR(B—n*n) =5x 106! (will get as many Kr in <1 b as Belle in 1000 fb)

particle
v F - » 2 . o . 350 u_ = 5.2762 = 0.0010 GeV/c?
2 wkE-LHCh u,= 5.2762 = 0.0010 GeV/c Identlflcatlon ST F LHCb “a_ ,
8" prelimi o= 0.02300 = 0.00090 GeV/c* S sioF- PreNil u, = 5.3612x 0.0020 GeV/c
@ [ Preliminary - 300" Preliminary = 0.02300 = 0.00090 GeV/c?
§120 —\s =7 TeV Data v,=229=23 Of 1 T[ and 1 K g E \s =7 TeV Data :.’ _ '838 3—8 2 ovie
= F <250 K, = 838 =
310k Bdo — 7t 2 A% = 0.85 = 0.39
s oult Ezoo - AZ” =-0.1336 = 0.041
a 229123 events C A | p = 0.047 = 0.030
. 150 co
60 -1 . AL g =-0.132:0.18
in 35 pb - Ry = 0.067=0.022
s = 100f3=
40 : . ;
L Expectations 2011:
20 50
_ . LHCb: 6500 ev./fb? L
i Do g g ) | o N
5 51 52 53 54 55 56 57 58 5 51 52 53 54 55 56 57 58
Invariant mass (GeV/c?) B elle 1 .Sk Invariant mass (GeV/c?)
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Prospect for B—hh

 Particle identification 1s crucial
* Promising signature in the raw charge asymmetries

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada
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Prospect for B—hh

“‘;,350 - u,= 5.2762 = 0.0010 GeV/c’
g [ LHCb u, = 5.3612 = 0.0020 GeV/c®
o300 Preliminary = 0.02300 = 0.00090 GeV/c’
o | Ns=7TeVData
=250 :._ Vi = 838 = 38
Bdo — K T & £ F A = 0.85 = 0.39
5200 - A’ =-0.1336 = 0.041
BSO —— K 7T - AL g = 0-047 = 0.030
1501~ A g =-0.132:0.18
28 R, = 0.067 = 0.022
1002y
50F :
O =537 "52 53 54 55 56 57 58
Invariant mass (GeV/c?)
%140 LHCb BYB 140 LHCD
& [ Preliminary R R
5120__\[§=7Tev0ata B0 §120_—\1§=7Tevoata
e [ d K > [
S100— 100
3 — M ; B
5 80 5 o
& 1 @
60— [ 60—
40— —
20— C
M , L4
99"5 51 52 53 54 5 5 5.8 )

B.%/B,° yield = (10.7+2.0)%,
Acp(BL)= —0.134+0.041
(HFAG: -0.098+0.012)
Acp(BL)=0.43+0.17

(CDF: 0.39+0.15+0.08 in 1 fb1)

¢ only raw asymmetries

¢ not accounted for production
& detector asymmetries

> this is not a physics result yet!

— Breliminary. _ _ _

BY/B,

N K_Jt+

ln.variant-mass (.GeV/c’).

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011
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Prospect tor CPV in B,—J/1p¢

e First step is to observe BY-BP oscillations

LHCb Preliminary (1.9 pb-l)
Vs =7 TeV

g \_%x B, oscillation from
E B =D u*v /
| T\L /

EAmI= O'|53 i-l O.O|8-1O|12 S'll | | |
0‘”I1”H2l“‘3|”|4”I|5II“6“”7””8””9”"10
proper time (ps)

o
N
I

Asymmetry in tag
o »
-

o

s

s
[N
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Prospect tor CPV in B,—J/1p¢

e First step is to observe BY-BP oscillations
e Reconstruct B+—J/ApK* final states

N L] I L] L] L]
S 2000 LHCb
0 L -

< 1800 Prellmlnary Ngignai = 10049 + 106.7

)
b 1600F- (/s = 7 TeV Data
‘= 1400

= 1200 33 pb-!
1000
800
600
400
200

I L] L] L] I L] L]
Y t>0.3 ps

0g = 10.7 = 0.1 MeV/c?

A

5200 5250 5300 5350
JWyK* invariant mass (MeV/c?)
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Prospect tor CPV in B,—J/1p¢

e First step is to observe BY-BP oscillations
* Reconstruct B¥—J/1pK* final states
» Reconstruct B'—JApK final states

)

E LHCb ]
300F Preliminary .
[ \'s =7 TeV Data L =33 pb" ]

eV/c?
W
o
=)

(7M

t >0.3ps

Events /
N
4
(=
T

Ngignar = 1100 = 37 B

Og = 9.4 = 0.3 MeV/c?

5100 5200 _ 5300 _ 5400
Mass of B° — J/y K? (MeV/c?)

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada



Prospect tor CPV in B,—J/1p¢

e First step is to observe BY-BP oscillations
e Reconstruct B+—J/ApK* final states
» Reconstruct B°—J/pKq final states
* Reconstruct B,—J/¢ final states

300

N T | T T | T
Q - t>0.3 ps =
> | LHCb + :
= 250 Preliminary Noigna = 877 £31.59 3
T L -
a8 F \s=7TeVData g =7.28 = 0.24 MeV/c? ]
c 200 —
I 33 pb™! ]
W 150 =

100} 3

50 =

o N ]
5300 5350 5400 5450

Jhp¢ invariant mass (MeV/c?)
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Prospect tor CPV in B,—J/1p¢

e First step is to observe BY-BP oscillations
e Reconstruct B+—J/ApK* final states
» Reconstruct B°—J/pKq final states
* Reconstruct B,—J/¢ final states
* On going work:
— B-B, oscillations
— angular acceptance
— fit model

— etc.

— and other final sates,
e.g. B,—I/f,(980) observed (pure CP eigenstate)

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada



Prospect tor CPV in B,—J/1p¢

* Based on, measured b cross sections and B,—J/¢
reconstruction performance,

o
o

o(0,9v%) (rad)

04

0.3

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011

CDF 5.2fb™' FPCP 2010

DO 6.1fb™ ICHEP 2010

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

— Uncertainties on o(bb)
and BRvis(B)—J/wo)

lllll

0 0.1

2010

T. Nakada
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Prospect tor B,—utu”

e Decays can be characterised by
— Invariant mass
— B—two-particle decay topology
— Muon identification

e All can be studied by data:

— invariant mass and topology by B—m*n™ decays

— Muon ID by K ,—mt*nt™, semileptonic decays, etc.

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada

57



Background well described by MC

> L
=F| [ s o
Q F —— MC dimuon Preliminary Preliminary
E I Vo= 7TeV. PVt \f§=7TeV._[Ldt~215nb'1
qC)102§—
) e I
105—
- h llr.;
1 ;_ lll I ol ‘ | ‘
101 L l : “M" m ‘i ______ H‘ IH“ |

padl ey I llll]lllllllll

3000 3500 4500 5000 5500

04 05 06 07

1
M(u ) [MeV/c Geometrical leellhood

all the cuts are being tuned with a smaller sample
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Prospect tor B,—utu”

) (x10°)

RN

-+

0

BR(B

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011
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LHCb how about B,—K*uru?

With 1 fb™! LHCb expects 1200 events

02 4.0c SM exclusion

E_oz’ NV BaBar
<
LHCb expected
_0.4 PP
* i
0.6 Bel!e
¥ 2 4 6 8
q°(GeV’)

If the current BABAR and Belle results are correct, LHCb
could exclude SM prediction with 40 significance
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Fantastic charm potential of LHCb

Initial flavour tag§ed DY decays: 34 pb™!
D*+—>D0ﬂ:+ DY—K*+K™ and mtm”

o~ o~ ].0

© L . @ [ LHCDb Preliminary _
= LHCb Preliminary = Y :
0 B 4 & B Ns=7 Te\',J.L =33.9pb" _
S =]
= 7 TeV JL 33. 9Pb a:o;_ | NP P _ (31240 2)x10° ]
g— 10* NPT ORI _ (96 740 4)x10° = 312402

-="

10*

O
._H
w
n

0.14 0.145 0.15 0,155 0.14 0.145 0.15
M(D’)-M(D") [GeV/e’] M(D°1")-M(D°) [GeV/c]™

97k for wrm” 31k for mtmm™

(162k for K+m")
Promising start for D° oscillation and CP violation studies
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Current situation with aq; ?

-0.01

- [@DO A,
-« Standard Model
- — B Factory W.A.
- B DO B.—D, uX

lIllllllIIIIIIlllIIIIIIIIIIIlII

-0.04-0.03-0.02-0.01 0 0.01
a

-0.02

-0.03

d
sl
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LHCDb how about a’g, ?

How to deal with
-possible B’/ B, production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011 T. Nakada 63



LHCDb how about a’g, ?

How to deal with

-possible B’/ B, production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073

Inclusive muon pairs difficult to control systematic errors...
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LHCDb how about a’g, ?

How to deal with
-possible B’/ B, production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073

Inclusive muon pairs difficult to control systematic errors...
Time dependent B, decay asymmetry

D (K*K wt*)t” vs D (KK mt*)mt*
production or detection asymmetry from data
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LHCDb how about a’g, ?

How to deal with
-possible B’/ B, production asymmetry in pp 2<n<6
—controlhng detection and background asymmetries to < 1073

Inclusive muon pairs difficult to control systematic errors...

Time dependent B, decay asymmetry
D (K*K wt*)t” vs D (KK mt*)mt*
production or detection asymmetry from data

B, and B, time depended CP asymmetries from the same final
ftates 1.e.
B,—D*(K*Kn*)u X - c.c. and B D HKKmH)u X - c.c.
difference depends only on a’; — a¥¢;
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LHCDb how about a’g, ?

D+ — K*Kn* and D,;* = K*K ™+

with 124 nb™! data

(\1\ 1 ] ] ] ] 1 ] L] | L]

§ 700 LHCb

o Preliminary
= 600 \s =7 TeV Data
S D* yield 2231+ 60
; 500 D! yield 1909 + 58
'g 400

+—

c

W 300

200

100

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011

.1900. . .2000.
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LHCDb how about a’g, ?

D+ — K*K™n* and D.* — K*K*
with 124 nb~! data

Entries / (4 MeV/c?)

1 " 1 v 1 "

700 LHCb
Preliminary

600 \s = 7 TeV Data

D* yield 2231+ 60

500 D; yield 1909 + 58

400

300

200

100

) 1800. — .1900. . .2000.
m(K K* 1) (MeV/c?)

Expected
statistical errors on

- S — ~d
Ag = a°qp — ag)

6.3x10™
with 1 fb™! of data

Systematic errors still to be investigated

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011

T. Nakada 68



LHCDb how about a’g, ?

LHCb expected performance with 1 fb~! data
assuming Ag; (LHCb measured) = A, (DO now)

-0.01F

0.02F

- LHCb MC
-0.03 @ Afb-"

4
llllllllllllllllllll
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B reconstruction 1in hadronic modes

* For B, oscillation studies

>

2 140 Nygne = 413 £ 22
= 1

T 120 34 pb Gyaee = 20+ 1 MeV/c?
£ 100

o LHCb prelimina

2 s P ry
I+ \Ns=7TeV

5200 5400 5600 5800
B, mass [MeV/c?]

B,=D*(¢m)m”
 Bench mark channels for y studies

LHCb
Preliminary
\'s =7 TeV Data

L, =33.9+3.4pb’
Ngjgna = 443 £ 32

m, =5271.8 £ 1.5 Me
6=235+1.6 MeV

5200 5400 5600
B* mass (MeV)

* and more... B*—D(Kgu'n )

PSROC 2011 LHC Symposium, Taipei, Taiwan, 25-27.1.2011

Events / ( 11.8 MeV/c?)

..............
120 LHCb i
Preliminary 1

100 Vs=7TeVData -]
80 3
60 m, = 5278.15 + 1.57 MeV —:
o =21.896 + 1.529 MeV ]

40 =]

Naignas = 444 = 30

20

..............

B+—D(K*n*)K*
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And even radiative B decays

) E B, - K" (Kn)j
S 350 ? ( _){ u_ . =5295+ 44 MeV/c?
§ n LHCDb Preliminary X m(K*y)
n - -1 _ 2
8 30f Line = 26 pb 4~ Opkp = 133 + 55 MeV/c
E - Nsignal =49 +17
€ 251
9 u
m
20—
15— ;
10—
1] -
0 — L 3 1 L 1 | ! L ] ] | ' e 1 | Il N L
4500 5000 5500 6000
m(K*y) (MeV/c?)

e with an ultimate goal to study CPV in B,— ¢y
photon polarization studies
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Conclusions

LHCDb has started successtul data taking at Vs =7
TeV, publishing physics results, including b physics
Majority of data collected were at close to the LHCb
nominal luminosities, ~103?cm™2s™!, but with almost
one order of magnitude less number of bunches,

resulting in many events with more than one pp
interactions.

However, LHCD detector could reconstruct clean B
signals, due to excellent PID, momentum
measurement and vertex determination even in those
conditions.

High event readout rate (~1 MHz) followed by
complete software based trigger allowed LHCD to
follow the luminosity evolution effectively.
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Conclusions

* We expect to collect 1 fb~! data in 2011, in a
condition close to the nominal running, 1.e. average
pp Interaction per bunch crossing of <1. (number of
bunches will be steadily increased)

« Extrapolating the 2010 studies, with 1 fb~! data we
expect to produce interesting results in B.—uu,
CPV in JAp¢, B, oscillations, B,—K*r=*, B J T,
as well as many ’charm studies 1nclud1ng DO
oscillations and CP violation. If we continue to run
in 2012, improved y measurements and K*u*u-
studies could emerge.

* Finally it gets exciting!
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Now
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May be a surprise!

LHCb with 10 fb!
0.7 T --\ —
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